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PREFACE

This study empirically applies durable resource theory in the
investment/disinvestment of farm machinery on a hypothetical farm in
Northcentral Oklahoma. A key aspect of the durable replacement model
used is the recognition of all cost and returns attributable to the
durable. The effects of forecasted returns, repair costs, salvage
values, farm size, tax considerations, and uncertainty on the optimal
economic investment/disinvestment decision are examined.
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CHAPTER I

INTRODUCTION

The purchase of a tractor and complements is a major investment
for farmers, A farmer must make the decision at the appropriate time
to disinvest in one durable resource and reinvest in another, The
magnitude of a durable's value in use and the optimal replacement
date is affected by such factors as the amount the durable is used
during each production period, the price of the product produced, the
cost of inputs, cost of maintenance, and the number of years of
expected use (Baquet, 1980).

The intent of this study is to determine the effect of these
factors on the optimal investwent/disinvestment decision. Figures 1
and 2 illustrate the trends in use and prices of selected farm inputs.
Farm machinery prices have increased at a faster rate than all other
inputs excluding farm real estate. The use of machinery has also
increased during this time period, with machinery and chemicals having
the largest increases, and use of labor continuing its long-run decline,
The number of tractors in the United States has actually only increased
30 percent since 1950; however, during this time period tractor
horsepower increased 150 percent (Schertz, 1979).

Oklahoma farmers have been subject to large fluctuations in those
variables which affect the durable investment/disinvestment decision.

Farm income, which is a function of output prices, yields, and input
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costs, is shown in Figure 3. During the past ten years net farm income
in Oklahoma has ranged from a high of 730 million in 1973 to a low

of 118 million in 1977.

The Problem

Past studies concerning the economic life of a durable resource
and the investment/disinvestment decision assumed a constant usage rate
(stock concept) of the durable (Smith, 1957; Yotopoulas, 1967; Perrin,
1972). This was assumed either because of availability of data or the
inability to deal with uncertainties that arise when using a flow
concept.

Idachaba (1972) and Baquet (1978) explicitly recognized the need
for variable usage rates in durable resource investment/disinvestment
decisions in U,S, agriculture. Robision (1980) recently detailed all
costs which should be considered when taking into consideration wvariable
usage and incorporated them into a theoretical investment/disinvestment
resource model., Empirical research that tests the workability and makes
use of the theoretical concepts developed by Robison is now needed to
further the development of durable resource theory and broaden its
applications.

The empirical testing of durable investment/disinvestment concepts
and procedures will contribute to the development and understanding of
durable resource theory. Farmers in Oklahoma will benefit from a study
of this nature by an increased knowledge of all cost associated with the
ownership of durables and the effects of various parameters on the
investment/disinvestment decision. This increased knowledge will lead

to more informed, logical durable resource replacement decisions.
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Objectives and Procedures

The main objective of this study is to empirically test the
durable investment/disinvestment model developed by Robison (1980).
Specifically, its usefulness to Oklahoma farmers in making investment/
disinvestment decisions for farm machinery will be examined. The
procedures used involve projecting net returns to machinery for a
hypothetical farm in Northcentral Oklahoma and applying the model
to arrive at an optimal investment/disinvestment decision., Other
objectives and procedures are:

1. To project returns to machinery for a hypothetical farm in
Northcental Oklahoma for the period 1981 to 1995. Forecasting
techniques will be used to project future variable costs, machinery
costs, crop yields, and crop prices.

2. To incorporate the new tax regulations from the 1981 Economic
Recovery Tax Act into the investment/disinvestment model. Procedures
involve incorporating taxes, tax investment credits, and tax deductions
into the estimated net returns to machinery.

3. To determine the effects of changes in various parameters
and economic conditions, the model will be used to conduct sensitivity
tests with regard to the various parameters which reflect the economic
conditions faced by the firm. Forecasting techniques and assumptions
of parameters will be used in developing a base solution. Key variables
such as expected returns, machinery repair costs, salvage values, and
machinery tax costs will then be varied to examine the changes which
occur in the investment/disinvestment decision in comparison to the

base solution,



4., To address the issue of uncertainty in durable resource
investment/disinvestment. Since future net returns to machinery,
salvage values, repair costs, and other variables which affect the
investment/disinvestment model are not known with perfect knowledge,
several simulations based on probabilities, distribution intervals,
and random occurrences will be presented. Several replacement criteria
will be tested in this section due to the inconsistency of the
analytic model in determining the optimal replacement period with

stochastic returns to machinery.

Organization of Remaining Chapters

The organization of the remaining chapters of this study is
as follows:

Chapter II reviews the literature used in this study concerning
durable resource replacement, The first section presents economic
resource theory as presented by Leftwich (1979). Perfect competition
is assumed in the buying and selling of resources. The second section
examines fixed asset theory. The third section presents analytic
frameworks for solving durable investment/disinvestment problems as
developed by Faris (1961), Baquet (1980), and Robison (1980). The
chapter concludes with an investment/disinvestment durable resource
model by Robsion,

Chapter III specifies the assumptions and procedures used in the
development of the replacement model, The first section outlines
the linear programming constraints and procedures used for forecasting
gross returns to machinery., The second section explains repair and

maintenance cost calculations, TFollowing this is a review of the



Economic Recovery Tax Act of 1981 as it pertains to the durable
investment/disinvestment decision. The chapter concludes with an
explanation of the assumptions made in estimating returns to machinery
to be applied in the durable replacement model.

Chapter IV applies the procedures and assumptions outlined in
previous chapters and determines an optimal replacement period. From
this initial application, gross returns, repair costs, salvage values,
and taxes are independently varied in order to determine the effect
each of these variables has on the optimal replacement decision.

Chapter V incorporates uncertainty and random returns into the
model, Probabilities are assigned to gross returns, salvage values, and
repair costs. 100 simulations are them estimated by use of a random
number generator and the assigned probabilities. Several replacement
criteria are analyzed in determining the optimal replacement decision
with variable returns to machinery.

Chapter VI summarizes the procedures used in the development of
the model, the conclusions reached, and suggests further research needs

in the empirical study of durable resource replacement.



CHAPTER II
REVIEW OF DURABLE RESOURCE THEORY

The following chapter is a review of durable resource theory
relating to this study, The first section reviews economic theory
concerning the valuation of resources as presented by Leftwich
(1979). A brief examination of resource employment and pricing at
the firm and the market level will be presented with the aid of
graphs, This section relates how the investment and production
decisions made by other firms in the industry affect the market
demand faced by an individual firm.

The second section critiques fixed asset theory. Fixed asset
theory as developed by Johnson (1971) and others is based on the
divergence between the acquisition price and the salvage price of a
durable resource. Fixed asset theory contributed greatly to the
development of durable resource study by recognizing the importance
to profit maximizing firms of disinvestment in durable assets in an
optimal manner.

In the third section an analytic framework is developed for
solving durable investment problems. A durable replacement model by
Faris (1960) is illustrated, Secondly a production process which
allows for varying rates of extraction of services developed by
Baquet (1980) is presented. In the third part all costs of

ownership associated with a durable are outlined in detail. This



section concludes with a presentation of an investment/disinvestment

durable resource model developed by Robison (1980).

Pricing and Employment of a Given Resource

The following explanation applies to the pricing and employment
of variable resources. Perfect competition is assumed in both the
buying and selling of resources.

The demand curve for a variable resource shows the different
quantities of the resource taken at various prices., Figure 4
illustrates the concept that should be used by profit maximizing
firms in perfectly competitive markets, Marginal revenue product is
the change in a firm's total receipts when it changes the employment
level of some resource A, It is computed by multiplying the marginal
physical product of A times the marginal revenue of product X. The
marginal value product curve is downward sloping because in Stage IT
for resource A marginal physical product of A declines as larger
amounts of A are applied., The profit maximizing level of employment
of resource A by a firm is that level at which marginal revenue
product of resource A equals the price of the resource. If resource
A is the only variable resource employed, the marginal revenue product
curve is the firm's demand schedule for resource A.

When a firm uses more than one variable resource, its demand
curve is no longer the marginal revenue product of the resource,
This is shown in Figure 5. When several variable resources are used
by the firm, a change in the price of one resource, holding others
constant, will change the quantities used of other resources and

these changes in turn will affect the use of the one resource,
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Referring to Figure 5, given A is the only variable resource; the
profit maximizing firm will utilize quantity a; at a price P,;.
If the price of a falls to Paz, firms would tend to move to al'.
However, this increase in the use of resource A will increase the
use of complement resources and decrease the use of substitute
resources. These changes in the use of other resources shift the
use of resource A to the right. Point M, where MVP = Pa, is the
new profit maximizing level at price Pap. Each change in the use
of other variable resources will result in a different marginal
value product curve for resource A. Price shifts as the one shown
will establish a firm demand curve for resource A such as dd.
Figure 6 illustrates the market demand for a resource. A
summation of individual firm's demand curves for resource a is

incorrect, for although one firm in a perfectly competitive market

cannot alter price, many firms acting simultaneously will affect the

price of output. Given demand curve djdj and price pa; the firm
will demand a; and the market quantity will be A;. If the price

of A falls to Paj, each firm will increase the use of A and expand

output. However as all firms expand output, industry output increases

11

and market price of products falls, With the price of products falling,

the firm's demand curve for resource A shifts to the left. Thus the

firm emplys quantity ap of resource A at price Paj, instead of quantity

\i . . > . . . . N
aj . With each firm making similar adjustments in order to achieve a

least-cost combination of resources, a point such as R can be determined

for the market demand curve. Other points can be determined in this

manner so that market demand curves for resource A such as DaDa can

be determined.
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Figure 7 illustrates how prices for resource A are determined.
The market supply for resource A shows the different quantities per
unit of time of resource A sellers will offer at different prices
and is generally upward sloping to the right. Market demand DaDa
shows the different quantities per unit of time of resource A buyers
will demand at different prices. Equilibrium price is at the
intersection of supply and demand with a price Pa and quantity A.
At a higher price; supply of resource A will be greater than demand,
and price will be driven down. At a price below Pa, resource demand
is greater than resource supply, and prices will be driven up. At a
price Pa, the individual firm can get as much of resource A as it
wants., A single firm cannot affect price Pa, thus the horizontal
line at the equilibrium price is the resource supply curve facing
the firm. Assuming at price Pa dd is the demand curve for the firm,
the firm will utilize resource quantity a. At this level, marginal

revenue product of resource a = Pa for the firm,

Economic Rent

In the short run, some resources are fixed to the firm. Since
these fixed resources are not free to move to other employments, the
preceding resource theory does not apply, Fixed resources are paid
whatever is left after variable resources are paid what is necessary
to keep them employed by a particular firm., The amount left for fixed
resources 1is called economic rent.

Figure 8 illustrates this concept. With a price p the firm will
produce output x. Total cost of the variable resources if OvAx.

This is the outlay necessary if the firm is to hold its wvariable

13
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resources, At any outlay less than this, the variable resources
would go to alternative uses, The economic rent, or returns above
total variable cost left to cover fixed cost, is vpBA. Rents may be
greater, equal, or less than the firm's fixed cost. When rent is
greater than fixed cost the firm is earning pure profits; when equal,
the firm is making normal profits, and when less than fixed cost the

firm is incurring a loss.
Fixed Asset Theory

A profit-maximizing firm selling in a competitive market will
apply a resource in the production of a product X until the wvalue of
the marginal product (VMP) equals marginal factor cost which is the
price of resource a in a competitve market, Fixed asset theory as
developed by Johnson(1971) and others is based on the divergence
between the acquisition price and the salvage price of a resource,

Figure 9 illustrates this concept for a single variable resource.
The within-firm opportunity cost Pxj (0.C.) is assumed to exceed the
salvage value Pxy (salv.). With initial condition VMP = Pxj (acq.)
the firm acquires amount a of resource x. If the product price £falls
to VMP,, fixed asset theory states resource x is fixed because VMP at
quantity QOa is less than the price of acquisition and greater than
price of salvage. Thusg, it is concluded that resources are 'trapped’
in production since Px (acq.) is greater than VMP which is greater than
Px (salv.) and no adjustment in resource use should be undertaken,

Johnson (1981) arques that the conclusion of low resource returns
due to resources being trapped in production as explained by fixed

asset theory is incorrect due tc the use of acquisition cost as the



NN\ By i (sglv)
VMP, - VMP

Y DL L LR &1L el ddy

Xji%2

Source: Marc A. Johmson and E.C. Pasour, Jr. (1981).

Figure 9. Fixed Asset Theory

17



18

opportunity cost of a resource. Opportunity cost is the value of

a resource in the best alternative use. Once a resource is purchased,
the price of acquisition is a sunk cost and is no longer relevant in

the decision of resource use. For a single-product firm, the
opportunity cost of an owned resource is the market salvage value,

For a multiple product firm, the opportunity cost of an owned resource
is the wvalue in the best alternative use. Thus, resources are attracted
to the use for which they have the greatest value and rates of return

in use are competitive with current alternatives.

Replacement Model Based on Net Returms

Bu using actual or estimated data, cost and revenue functions
may be estimated., Subtracting cost from gross returns of the firm
results in the information upon which total, average, and marginal
net revenue curves are computed, It is extremely important to keep
in mind that net revenue curves are used in the replacement model
bu Faris (1960).

Total, average, and marginal net revenue curves are shown in
Figure 10. The important concept illustrated in this model is that
maximizing average net revenue over time for the firm is different
than maximizing mnet revenue for a single time period. Maximizing
net revenue from a nondurable resource occurs at point b on Figure 1o,
in which total net revenue (TNR) is at a maximum and marginal net
revenue (MNR) equals zero. Maximum net revenue from a durable
resource occurs at point a, Geometrically point a is found at the
point in which a straight ray from the origin is just tangent to the

total net revenue curve. At this point average net revenue over
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time is at a maximum, and average net revenue equals marginal net
revenue,

The preceding discussion assumes a short production period. By
introducing a long production period net revenues must be discounted
in order to reflect time preferences. Time preference takes into
account opportunity cost by assuming that a sum of money received or
paid at the present time is worth more than the same sum of money at
some point in the future. To reflect time preference, Faris (1960)
restates the principle of optimum replacement for enterprises with
a long production period with revenues being realized throughout
the life of the asset as:

The optimum time to replace is when the marginal net revenue

from the present enterprise is equal to the highest amortized

present value of anticipated net revenue from the following

enterprise (p.766).

If, as Robison (1980) does in a following section, it is assumed
that the current and future durabies have identical net revenues, the

marginal net revenue may be compared to the amortized present value of

the net revenue of the present durable,

A Theory of Production, Investment,

and Disinvestment

Past studies concerning the economic life of a durable resource
and the investment/disinvestment decision have assumed a constant usage
rate (stock concept) of the durable (Yotopoulos, 1957; Perrin, 1967;
and Smith, 1972). This was assumed either because of availability of
data or the inability to deal with uncertainties that arise when using

a flow concept. In the theoretical model developed by Baquet (1980)



below, both durable assets and the flow of services from the durable
are inputs in the production process. Varying extraction rates are
allowed for in determining the optimal amount of services to be
extracted from the durable in each production period.

The production process in this model is specified as vertically
integrated. The determination of the flow of services from durables
is specified at one level, This service flow is then computed into
the production function to determine output. The expected future

use of the durables determines the investment/disinvestment decision.

21

A diagrammatic representation of this process for a production process

using one durable is presented in Figure 11,
Mathematically, the physical production process in Figure 11
is illustrated in the following three equations:

Ve = £ Z¢)

N
T
|

= g(thl Dt)

TD = h(zl.oo-, Zt,.n.' ZTH' X31,coc' X3t’-o-, X3TH

t = quantity of nondurable inputs X; used in production
of Y, in time period t,

Xoe = quantity of nondurable inputs X9 used in combination
with durable D in time period t,

SN
il

quantity of ervices generated from D, used in production
of Y in time period t,

Tp = physical 1life of durable,

= aggregated maintenance variable in time period t,

[
w
ct

1

= planning horizon for the firm.

3
m
1

FEquation (1) is a standard representation of a production

process with flow variables as inputs. Equation (2) is a production

(1
(2)
(3)
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Source: Alan E. Baquet (1980).

Figure 11. Two Tiered Vertically Integrated
Production Process
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relationship which indicates that service flows from a durable
asset are generated or produced according to the function G(.) by
using one nondurable input (a flow variable) with a given stock of
the durable asset. Thus both stocks and flows are needed at this
level of integration, Equation (3) relates the physical life of
the durable to the services extracted and the maintenance performed
during each year of its life.

Specification of the production process in the above manner
allows the rate of use of durable assets to be variable. It allows
for the investment/disinvestment in durables to be determined
simultaneously with the production activities associated with the

durable,

Objective Function

The objective function developed by Baquet (1980) assumes that
the firm operates in each time period to maximize current profits
plus the change in the net present value of the durable asset.

This objective functions is defined as follows;

Gy = Pye¥e = Pug Ky = PyoeXge = TUCH(Zy)

- FCy + a(Dy - Dot)

where
PYt = price received for Y in time period t,
Pth = price paid for nondurable Xj in time period t,
j=1,2,3,
TUCn(Zt) = total use cost of extracting services Zt in time
period t,
FC®_ = fixed cost associated with the durable in time

t . X e e
period t, (the "o" rotation refers to initial

levels),
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a = gain in net present value of a unit of the
durable.

The total user cost concept of a durable is a critical variable
in this objective function and a detailed examination by Robison (1980).
is presented in the following section.

Maximizing equation (4) subject to (1) through (3) involves
determining the optimal production, service generation, and investment/
disinvestment activities. The determination of the investment/
disinvestment activities will be presented following the explanation
of durable ownership cost., Determining the optimal producticn and
service generation activities involves maximizing the following
Lagrangian expression:

L= Pye¥RyeaZe) = PypXye = ProeXoe - (5)

Px3ef3e = TUCL(Z¢) = FC = A (Ve = £(Xq¢,2¢)) =
A2t (Ze = 8(X2e/De)) = 3¢ (Tah(Z1veevs ZThs
X3l""’ Xarm))

Upon taking the required partial derivatives, equating them

with zero, and making appropriate substitutions, the following

necessary conditions are derived.

3Y
P = P (6
ey xlt (6)
- 75X
1t
3Y_ 5Z . L Ok e o %
Port b T Py 70 C0 5w - W T R (7)
y az ;Xq - . C 2t :‘L > C 2 :t
t Zt ‘C)z{Q
3t
r Ny =
MUC, (2 ) + T
i - 2. Ytz
t t
53X, N
2t sh = P (8)
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sh “3t
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Y
P, E‘z’t‘ = MuCc (z,) + Peoe - Tx3c on (9)
vt oL ! 3z Yy
t ﬁ—— t
oK, 3t

Eqpation (6) indicates that the optimal quancity of Xlt to

use is determined by equating the value of its marginal product to
its price. Equation (7) states that the optimal quantity of Xj, to
use involves having the instrumental marginal value product equal

to the marginal cost of using X9¢+. The marginal cost of X2t is
respectively the price of Xop plus the marginal user cost of the
services generated by using X0t plus the increased maintenance costs
which must be incurred as a result of using the durable.

For X3t? equation (8) indicates that the net marginal value of
maintenance should be equated to the marginal factor cost of
maintenance, The net value of a unit of maintenance is given in the
square brackets in equation (8).

Equations (6) through (8) state the marginal conditions for the
optimal levels of Xq., th, and X4,, respectively. For
services from the durable, equation (9) indicates that the value
of the marginal product of services should be equated with the
marginal cost of acquiring services. This marginal cost is composed
of the marginal user cost, the weighted cost of acquiring th, and the
weighted cost of increased maintenance.

The simultaneous solution of equations (6) through (9) for each
t, t=1,..., Ty will yield the optimal production activities for the
firm with its initial endowment of D., The following section critiques
durable ownership cost and presents an investment/disinvestment

model developed by Robison (1980).
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Durable Ownership Cost

Definition of a Durable

For an arbitrarily defined period, non-durable assets are used
up, i.e., do not exist in the same form after a single period.
Durable assets are not used up, they exist in nearly the same form
for more than one time period. This one characteristic is the only
distinguising feature differentiating durable from nondurable
resources in this study. The distinction between durables and
nondurables based on its existence over an arbitrarily defined time
period allows the decision maker himself to determine which assets
are durable based on his relevant planning horizon.

If nondurable assets do not have a life beyond a single time
period, then their costs are the costs associated with their
acquisition and use. If durable assets have a life beyond a single
period, then there are costs associated with their acquisition and
use plus costs of ownership over time., The following is a summary
of all costs which result from the ownership of a durable resource

as presented by Robison (1980).

Cost of Owning a Durable Resource

The cost of owning a durable resource can be divided into three
categories. These are: (1) those current period cost incurred
because of changes in the capacity of the resource to deliver services,
either as a result of use or the passage of time - capacity cost;

(2) costs that occur as a result of holding an inventory of

extractable services over time - inventory cost; and (3) those future
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period costs (benefits) resulting from current-period use decisions -

indirect capacity costs, Each of these costs are examined below.

Capacity Costs Associated with Durable Assets

There are three categories of capacity cost associated with a
durable: (1) costs that occur as a result of use, called direct
user costs; (2) those that occur as a result of time, called capacity
time costs; and (3) those that occur as a result of maintenance,

called maintenance costs. These costs are examined below.

Direct User and Capacity Time Costs, Direct user cost is the

replacement cost of an asset used up. In the case of nondurable assets
used up in a single time period, the direct user cost equals its
acquisition price. This price, a cost to the firm, is a charge for
converting the asset from an input to an output through a production
process., There is a similar cost association with using a durable
asset in a production process; however, the measurement of the durable's
capacity used up is more complicated than measuring the value of
nondurable assets because of (a) prices change over time and (b) the
quality of the durable may be altered as a result of time, maintenance,
and use.

Three measurements help conceptualize the measurement of user
and capacity cost. Operating capacity is defined as the potential
rate at which services can be extracted from the durable. Rated
capacity is defined as the operating capacity which minimizes the
average loss in lifetime capacity. Lifetime capacity is defined as

the total amount of services available from the durable if services
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are extracted at the durable's rated capacity. The lifetime capacity
depends on (1) operating capacities used to extract services from

the durable, (2) conditions under which services are extracted,

e.g, weather, (3) maintenance, both scheduled and unscheduled,

(4) quality of inputs used in combination with the durable, and

(5) time interval over which the services are extracted. The operating
capacity used in the current period may also influence the operating
capacities available in the future.

The measurement of costs above is physically dependent upon the
durable and the services it can deliver. For the development of a
model which determines the economic optimal life of the durable it
is necessary to value in dollars the cost of using up the durable
or altering its capacity to deliver services through time. The
acquisition price, if the durable is being purchased, or the salvage
price, if the durable is already owned by the firm, reflects the
present value of services expected from the durable. As explained
in the examination of fixed asset theory, a firm determines a maximum
bid price for a durable based on expected services and acquires it if
the value determined is higher than the acquisition cost. As services
are extracted from the durable, the value in use is continually
compared to the market price and the durable is retained by the
firm as long as the value in use exceeds the market or salvage price.
Thus the change in the durable's salvage price associated with using
up the durable reflects the cost, a direct user cost and time capacity
cost, incurred by the firm in order to extract services from the

durable.
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Maintenance Cost, The third capacity cost identified is

maintenance cost. Maintenance is a cost that is designed to alter the
losses in lifetime capacity associated with time and use. With
complete maintenance, it is theoretically possible to extend the

life of an asset indefinitely (Baquet, 1980). Because the services
derived from maintenance may extend beyond a single time period,

maintenance itself may be considered a durable investment,

‘Inventory Costs. Because a durable has a life beyond a single

period; it generates benefits and costs in common with all inventories
of assets, Two inventory costs, time depreciation and control costs,
are identifed below.

Time depreciation cost is the difference between acquisition
and salvage price in the period the durable is acquired and the
change in the asset's salvage price in later periods as a result of
factors other than changes in cavacity discussed in the preceding
sections., Time depreciation costs are the result of changes in
demand for the durable and/or the output produced from the durable's
services, Inflation may also change prices in general and the durable's
in particular, Also, the durable's value may change over time
because the market in which the durable is traded is not perfect.
These external pricing considerations should be entered into the
firm's cost considerations by valuing the remaining lifetime capacity
of the durable according to its opportunity cost. If the duratle is
owned by the firm; then it has two alternatives; to keep it or to sell
it, TIf the firm keeps the durable, then one opportunity cost is the

change in the salvage price of the durable between periods. This cost
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is referred to as time depreciation cost,

To hold an asset commits resources to those assets. Thus funds
used to purchase resources are not available for investment elsewhere.
This opportunity cost is referred to as control cost. If equity funds
are involved, the control cost is the foregone earnings on the next
best investment opportunity. If borrowed funds are involved, the
cost is the interest paid on the loan and the cost associated with a

reduced credit reserve.

Indirect Capacity Costs., The final category of cost associated

with the ownership of a durable resource is indirect capacity cost.
This category includes indirect user costs and replacement opportunity
cost.

Indirect user cost is that cost which measures the impact of
current decisions to extract services from the durable on future
control and time depreciation costs. Since control and time
depreciation costs depend on the inventory of lifetime capacity
held, decisions to use up capacity in the current period simultaneously
affect time depreciation and control costs in the future. Current
period decisions may alter the time when the durable is replaced or
salvaged. Replacement opportunity costs are the opportunities foregone
by failure to replace. An example would be the continued use of a
late model tractor., Replacement opportunity cost, for example, could

be the fuel savings available from a more efficient tractor.

Benefits from Durable

Identifying both benefits and costs of extracting services from
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a durable is a necessary step in determining the optimal investment/
disinvestment period. Costs of durable ownership have been developed.
Expected benefits of durable ownership are the acquisition of services
to be used for producing goods of at least equal value to the cost of
durable ownership. Another benefit besides the sale of goods produced
in some cases may be the appreciation in the price of the durable

over time.
Durable Investment/Disinvestment Model

The investment/disinvestment model used in this study is based
on the theoretical models and the costs and return definitions
specified in previous sections. In applyving the model, a 'best
guess’ as to the durable's economic life is required. From this a
multiperiod gain function G is developed which reflects all returns
and costs attributable to the durable. This gain function may be
represented as:

G = Pyi¥y ()=l + P ¥ (14r)7S - (10)

((TD + DUC + CTC) + CC + VC)) (14+r)~L -

—
. LY .

{(TDb + DUC + CIC) - CC + VC)) (1+xr)~s

where

P Y total returns attributable to the services

obtazined from the durable to produce Y,

<
|

= output,
P, = price per unit of Y,

TD = time depreciation cost which equals the
change in salvage value attributable to
changes in demand for the durable and/or
output produced from the durable's services,
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DUC = direct user cost which equals the change in
salvage value associated with using up of
services generated by the durable,

CTIC = control time cost which equals the change in
salvage value that occurs as a result of time,

]

(TD + DUC + CTC)= total change in salvage value which represents

time depreciation cost, direct user cost, and
control time cost,

CC = control cost which represent the opportunity
cost of controlling the asset,

VC = variable cost of production,
r = discount rate.

The gain function developed above represents net returns
attributable to the asset for its estimated life. The current period
is designated as period 1 and the last period as period s. Net returns
in each period are computed by subtracting from gross returns; direct
user cost, capacity time cost, time depreciation cost, control cost,
and variable cost. The remainder should equal returns resulting
only from services generated by the durable, Since the economic life
of the durable depends on the economic life of all durables in the
future, it is assumed that the returns attributable to future durables
are identical to the first.

The optimal economic life of the durable may be found by examining
the relationship below;

g(s) > r(l-(1+r)~S)-1lc (11)

where

net returns attributable to the durable in
each period,

g(s)

discount rate,

2]
]

time period,

0]
[]
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G

multi-period gain function,

r(1-(1+r)=S)-1G = annualized average return.

If g(s) is greater than r(l—(l+r)‘s)‘1G is true, the marginal
contribution of the durable in the last period exceeds its annualized
average of a replacement with an identical economic performance,
so s should be increased. If g(s) is less than r(l—(1+r)'s)'1G,
the last period's net gains reduced the annualized average and a
higher annualized average return could be realized by shortening the
economic life of the durable.

Only if:

g(s) 2 r(1-(14r)~%)"1G and g(s+1) < r(1-(l+r)~S-1)-1 (12)
are true, has the optimal life of the durable been found. TIf more
than one durable is under consideration, the durable with the largest

annualized average return should be chosen and acquired if the net

present value of G is positive,



CHAPTER III
MODEL SPECIFICATION

The approach used in this study for determining optimal investment/
disinvestment of durable resources combines concepts developed by
Baquet (1980) and Robison (1980). Baquet defines a production process
which has both durable assets and the flow of services from the durables
as inputs. Varying extraction rates are allowed for in determining
the optimal life of the durable. Robison uses an iterative approach
in which the optimal life of the durable is assumed to be known,
(choosing s). By comparing the returns in the s-th period g(s) with
the annualized average Gr(L-(l+r)~S, an optimal life period may be
determined. If the last period's returns exceeds the annualized
average of the multi-period gain function, the time period of analysis
selected was too short and should be increased. If g(s) equals or
exceeds Gr/(1-(1+r)™S and g(s+l) is less than Gr/(l—(1+r)'s'1),
the optimal economic life of the resource has been found.

A systems model with four major components was developed to test
Robison's investment/disinvestment model (Figure 12). A linear
programming subsystem determines optimal crop production given projected
returns less variable cost/acre. After determining machinery usage
each year from the linear programming subsystem and Oklahoma State
Enterprise Budget guidelines, the second subsystem computes durable

asset ownership costs using 1980 American Agricultural Engineer
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Yearbook equations and guidelines.explained by Robison, The third
subsystem separates returns to machinery from returns to other fixed
factors of production and estimates the tax consequences of the
machinery investment. The fourth subsystem computes the returns

to the machinery complement throughout a fifteen year period and

determines the optimal economic life of the machinery complment.
Linear Prcgramming Subsystem

Linear programming is a useful procedure for optimizing an
objective such as maximizing profits given projected gross returns,
variable costs, and constraints. A hypothetical farm comsisting of
625 acres of potential cropland in Northcental Cklahoma was the base
for testing the investment/disinvestment model in this study. Wheat

is the major crop grown in Northcental Oklahoma, accounting

for 93 percent cf total cropland in 1980. However historical Oklahoma

State Enterprise budgets show grain sorghum as a potentially more

36

profitable crop, thus these two crops will be considered in determining

the optimal product combination.

Assumptions and Data

Land. The hypothetical farm in Yorthcentral Oklahoma consists of

623 acres of potential cropland. 250 acres is classified as Class I
land and 375 acres as Class IT land. Class II land is assumed to
produce ten percent less yields for any crop produced in any given

vear as ccmpared to Class T land.
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Labor and Capital, Technical coefficients as to labor hours needed

to produce an acre of wheat or grain sorghum are given in Table I.
These estimates are taken from Oklahoma State Enterprise budgets

for Northcental Oklahoma. 3.3 hours of labor are needed to produce
one acre of wheat at a labor cost of $13.20. An acre of grain sorghum
requires 2.39 hours at a cost of $9.56. Monthly labor constraints
assumed in this study were February, 200 hours, March, 250 hours,
April, 250 hours, May 275 hours, June, 350 hours, July, 350 hours,
August, 325 hours, September, 275 hours, and October, 270 hours.

The enterprise is assumed to be able to meet projected variable cost

in each production period.

Gross Returns. Regression models for the base machinery

replacement solution were estimated using gross returns as the
dependent variable with year and vear squared as the independent
variables for the purpose of projecting wheat and grain sorghum
returns/acre for the period 1982-1995 in Northcental Oklahoma.
Equations estimated in the study were selected for use in the base
solution on the basis of Rz's, t-values, and standard errors.
Chapter IV also examines the effect upon the replacement decision
of using other returns and cost forecasting equations,

Seasonal price and yield data for the years 1950-1980 were
used in developing the equations. The equations along with R? and
standard deviations are listed below., T-values are listed in

parenthesis below the parameters.



TABLE

I

TECHNICAL COEFFICIENTS AND COST OF PRODUCTION
PER ACRE FOR ALTERNATIVE ACTIVITIES

IN 1982 BASE PERIOD

MONTH

ACTIVITY JAN FEB MAR APR MAY JUNE JULY AUG SEPT OCT NOV DEC TOTAL
Wheat

Labor

Hours 0 34 0 0 .0 1.15 .68 .53 .6 .0 .0 .0 3.30
Grain

Sorghum

Labor

Hours 0 0 .51 23 .27 .26 .47 .0 .0 .65 .0 .0 2.39
Wheat

Labor $ 0 1.36 0 0 .0 4.6 2.72 2.12 .0 2.4 .0 .0 $13.20
Grain

Sorghum

Labor $ .0 .0 2.04 .92 1.08 1.04 1.88 .0 .0 2.6 .0 .0 $ 9.56
Source: Oklahoma State University Enterprise Budgets (1981).

8¢
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Dependent variable: Wheat gross returns/acre, Class I land
Gross Returns/acre = 849.12 - 27.7 (year) + .2346 (year)2

(3.86) (~4.1) (4.59)
RZ = .75 Standard Deviation = 20.32

Dependent variable: Wheat gross returns/acre, Class IT land
Gross returns/acre = 764,31 - 24.94 (year) + .2111 (year)2
, (3.86) (-4.1) (4.59)
Re = .75 Standard Deviation = 18,29
Dependent variable: Grain sorghum gross returns/acre, Class I land
Gross returns/acre = 337.04 - 12.19 (year) + .115 (year)2
) (2.22) (-2.62) (3.28)
Re = .82 Standard Deviation = 14.00
Dependent variable: Grain sorghum gross returns/acre, Class II land
Gross returns/acre = 334.18 - 11.96 (year) + .112 (year)2

5 (2.51) (-2.92) (3.61)
R¢ = .83 Standard deviation = 12.30

Variable Cost of Production. Variable inputs necessary for the

production of an acre of wheat or grain sorghum were taken from
1980 Oklahoma State Enterprise Budgets. Since Oklahoma State Enterprise
Budgets are only available beginning in 1973, the following procedure
was used in projecting variable cost to coincide with the years of
price and vield data used in generating expected gross returns for
the period 1950 to 1980.

Beth Oklahoma Enterprise production cost data and United States
Department of Agriculture tctal state ewpense data are availatle
for the period 1973-1980, Using data from this time pericd, regression
equations for variable cost of production of wheat and grain sorghum
were estimated with Oklahoma Budget Enterprise production data the
dependent variable and total state expenses for seed, fertilizer,

repair (includes fuel and oil), and laber divided by total planted
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acres in Oklahoma the independent variable (Knowles, 1981). The
source for the total state data is various issues of Oklahoma

Agricultural Statistics. The estimated equations are given below:

Dependent variable: Oklahoma Enterprise production cost, Wheat,
Northcentral Oklahoma

total state expenses
(%36;§ +(25ig§ (EOtal planted acres )

R2 = .78 Standard deviation = 3.22

Production cost/acre =

Dependent variable: Oklahoma Enterprise production cost, Grain
sorghum Northcentral Oklahoma

10.12 + 38.87 (total state expenses
(1.31) (2.52) total planted acres

RZ = .56 Standard deviation = 3.73

Production Cost/acre =

The above equations were used to extrapolate back to 1950 and
generate variable costs of production. The generated variable costs
for the period 1950-1972 and actual variable cost data for 1973-1980
were used as data in predicting variable costs for the period 1981-
1995. The equations for predicting future variable costs are listed
below. T-values are listed in parenthesis below the parameters.

Dependent variable: Oklahoma Enterprise production cost, Wheat,
Northcentral Oklahoma

Production cost/acre = 281.27 - 8.87 (year) + .0758 (year)?
(5.78) (=5.94) (6.72)
RZ2 = .88 Standard deviation = 4.49

Dependent variable: Oklahoma Enterprise production cost, Grain
Sorghum, Northcentral Oklahoma

Production cost/acre = 210.12 - 6.62 (year) + .0564 (year)2
(5.58) (-5.73) (6.45)
RZ = .87 Standard deviation = 3.48
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Repair and Maintenance Cost

Repairs are usally the most variable component of machinery
cost. Repair costs are influenced by a number of items including
(1) management, (2) maintenance level, (3) machine variability,

(4) variability in local cost for parts and labor, (5) the effects
of climate and soils, (6) operating capacities and time interval

at which services are extracted, and (7) the quality of inputs used
in combination with the durable (Kletke, 1979; Robison, 1980).

Figure 13 illustrates the reliability of machinery given a
certain level of maintenance and repair. A machine given '"good"
care reaches an unsatisfactory level of reliability at about 80 to
85 percent of its maximum life, while improper maintenance causes an
unacceptable level of reliability at slighly higher than 50 percent
of its estimated wear-out life.

Repair cost calculations used in this study are based on equations
reported in the 1980 Agricultural Engineers Yearbook. These equations
are shown in Table II. These equations are based on the accumulated
vearly use of the machine (Table III), and the list price (Table IV).
Annual machinery usage for each year is based on technical machinery
usage coefficients in hours per acre for each activity taken from
Oklahoma State University Enterprise Budgets (Table V), and the optimal
cropping strategy obtained from the linear programming subsystem. Due
to the nature of the projected returns estimated by the forecasting
equations, the optimal planting strategy does not change during the
replacement decision horizon. Thus, the annual machinery usage is
constant in the base solution. Chapter V introduces random returns

and variable machinery usage into the decision process by incorporating
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TABLE II

REPATR AND MAINTENANCE COST EQUATIONS

Machine Cost Equatiocn®
Tractors 2159
gasoline »0.0183 X -

diesel 0.0120 ¥~ 033

LPG 0.0131 x** 122
Moldboard plows 0.0700 x**810
Disk harrows 0.0025 Xl’7l4
Chisel plows and 1400
Field Cultivators 0.0103 X
Grain Drills 0.0359 x>-626
Row Cultivators 0.0094 %2297
Sprayers 0.1232 x+-*00

a. X = accumulated hours/1000 for tractors,

acres/1000 for attachments.

Source: American Society of Agricultural
Engineers Farm Machinery Management

Committee (1980).
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TABLE TII

MACHINERY USAGE - BASE SOLUTION*

1981 1982 1983 1984 1985 1986 1987 1988 1989
Tractor 914.39 914.39 914.39 914.39 914.39 914.39 914.39 914.39 914.39
Tandum Disk 625 625 625 625 625 625 625 625 625
Moldboard Plow 625 625 625 625 625 625 625 625 625
Field Cultivator 210.67 210.67 210.67 210.67 210.67 210.67 210.67 210.67 210.67
Springtooth 1250 1250 1250 1250 1250 1250 1250 1250 1250
Drill 625 625 625 625 625 625 625 625 625
Row Cultivator 414.33 414.33 414.33 414 .33 414 .33 414 .33 414 .33 414.33 414.33
Sprayer 414 .33 414.33 414 .33 414 .33 414.33 414.33 414.33 414.33 414.33

7Y



TABLE III (Continued)

1990 1991 1992 1993 1994 1995
Tractor 914.39 914.39 914.39 914.39 914.39 914.39
Tandum Disk 625 625 625 625 625 625
Moldboard Plow 625 625 625 625 625 625
Field Cultivator 210.67 210.67 210.67 210.67 210.67 210.67
Springtooth 1250 1250 1250 1250 1250 1250
Drill 625 625 625 625 625 625
Row Cultivator 414.33 414 .33 414 .33 414.33 414.33 414 .33
Sprayer 414 .33 414.33 414.33 414.33 414 .33 414.33

*Usage given in hours for tractor, across for implements.

Sy



TABLE IV

LIST PRICES AND TOTAL HOURS OF LIFE FOR THE MACHINERY
COMPLEMENT WITH 1931 BASE PERIOD

Machine

List Price

Total Hours of Life

Tractor (95 hp.)
Tandem Disk
Moldboard Plow
Field Cultivator
Springtooth
Drill

Row Cultivator

Sprayer

28500
3500
4800
4300
3200
4400
1700
1200

12000
2000
2000
2000
2000
1000
2000
1000

Source: Oklahoma State University Enterprise Budgets

(1981).

46



TABLE V

TOTAL MACHINERY USAGE COEFFICIENTS IN HOURS PER ACRE
OF EACH ACTIVITY IN THE 1981 BASE PERIOD

Activity
Machine Wheat Grain Sorghum
Tractor 1.408 1.491
Tandem Disk .143 .148
Moldboard Plow .381 .381
Field Cultivator 172 ———
Springtooth Harrow .164 .222
Drill w/o Fertilizer .215 .215
Row Cultivator ——— .238
Sprayer ——— .151

Source: Oklahoma State University Enterprise Budgets
(1981).
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probabilities of returns and a random number generator into the

replacement model.

Economic Recovery Tax Act of 1981

One of the objectives of the Economic Recovery Tax Act of 1981
was to encourage investment. Tax implications are an important
consideration in any machinery investment/disinvestment model in that
while sales taxes and business taxes on the resources reduce the
net returns to machinery throughout its lifetime, tax deductions
and tax credits in turn add to machinery returns. The following
section briefly examines the most important aspects of the new tax

laws as they relate to machinery investment/disinvestment.

Tax Depreciation Deductions for Machinery

Regular Accelerated Cost Recoverv Svstem. The Economic Recovery

Tax Act of 1981 speeds up tax depreciation of buildings, machinery,
and breeding stock, to allow farmers to recover cost faster. Table
VI shows the depreciation schedules under the old and new tax systems.
FTor machinery and equipment which under the old system would be
depreciated over eight to 12 years can now be depreciated in five
vears. Optional depreciation schedules are available if straighe
iine depreciation is used {Table VII).

Table VIITI gives the depreciation deducction schedules for
business property placed in service for the vears 1981 through
1984 under the Regular Accelerated Cost Recovery System. Note that

these percentages apply regardless of when in the tax vear the property

is placed in service. Salvage values are no longer used in calculating



TABLE VI

DEPRECTATION PERIODS UNDER THE
OLD AND NEW TAX SYSTEM

Depreciation Period*

Farm Asset 0l1ld System 1981 Tax Recovery Act
Cars and light trucks Variable 3.0
Machinery and equipment 8.0-12.0 5.0
Cotton ginning assets 9.5-14.5 5.0
Cattle, breeding or dairy 5.5-8.5 5.0
Hogs, breeding 2.5-3.5 3.0
Sheep and goats, breeding 4.0-6.0 5.0
Confinement buildings 20.0-30.0 5.0
Other farm buildings 20.0-30.0 15.0

*Unit of measurement is years.

Source: U,S. Department of Agriculture (1981).

TABLE VII

OPTIONAL DEPRECIATION PERIODS UNDER
THE STRAIGHT LINE ACRS

Class of Property Possible Recovery Periods
3 Year Property 3,5,0r 12 years
5 Year Property 5,12,0r 25 years
10 Year Property 10,25,0r 35 years

Source: Mike L, Hardin and Cecil D. Maynard (1981).
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TABLE VIII

DEPRECIATION DEDUCTIONS FOR BUSINESS PROPERTY
PLACED IN SERVICE 1981 THROUGH 1984

Type of Prooerty

Depreciation Year 3-Year S5=Year 10-Year 15-Year

1 25 15 8 12

2 38 22 14 10

3 37 21 12 9

4 21 10 8

5 10 7

6 10 6

7 9 6

8 9 6

9 9 6

10 9 5
11-15 5

Source: U.S., Department of Agriculture (1981).
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depreciation deductions. No depreciation is allowed in the year of

resource disposition,

Straight-line Accelerated Cost Recovery System. A taxpayer may

elect to use the Accelerated Cost Recovery System straight line
method over the regular recovery period or the optional longer
recovery period. The same recovery period must be used for all
personal property of a class for which such an election is made.
Thus for the machinery complement being considered in this study
which is purchased at the beginning of 1981, the same recovery
period must be used for the entire complement.

Annual depreciation under the straight-line system is determined
by dividing original cost by the regular or optional longer recovery
period (Tables VI and VII). Annual depreciation is determined by
dividing the original cost by the regular or optional longer recovery
period. First year depreciation is one-half annual depreciation,
independent of the date of purchase. The last half year is claimed in
the year following the end of the recovery period. No depreciation

is allowed in the year of disposition (Hardin, Maynard, 1981).

"Expensing' Depreciable Assets

The new tax laws for the first time allow the owner to "expense',
or treat certain types of property purchases as operating expenses and
immediately deduct their cost from gross receipts. No investment
credit is allowed on such property claimed as an expense. Trust,
estates, and certain non-corporate taxpayers and lessors are not

eligible. Beginning in 1982 and 1983 the maximum amount that can be



expenses is $5000, $7500 ia 1984 and 1985, and $10,000 in 1986 and

later vears (Hardin, Maynard, 1981).

Investment Tax Credits

The new laws continue tax credits given for investment in
farm equipment, machinery, livestock, and single-purpése agricultural
structuraes. (A credit, unlike a deduction, is subtracted from the
actual rax you owe.) Sixty percent of an investment in three-vear
recoverv property is eligible for the investment credit and 100
percent of an investment in five or greater year recovery property is
eligible, TFor married persons £filing joint returns in 1981, the
regular investment credit is limited to the income tax shown on the
return, or to $25,000 plus 80 percent of tax that is mere than
$25,000, whichever is less. The percentage of tax that is more than

$25,000 increases to 90 percent for 1982 and later years. The new and

0ld tax investment credits are listed belcw (Taple IX).

TASLE IX

OLD AND NEW TAX INVESTMENT CREDIT

LiZa 0ld Law New Law
3 vear 3.33% A
3 vear 6.66% 10%
7 vear or more 10.00% 10%

Source: Mike L. Hardin znd Cecil D.
Maynard (1980).
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Recapture of Investment Credit

The below recapture rules apply to investment credit property
in service beginning 1981 (Table X). If a taxpayer disposes of an
asset, or it ceases to be eligible before the end of the recapture
period for recovery property or before the end of the estimated useful
life used to figure the credit for other property, the taxpayer must
refigure the credit using a recapture percentage and increase taxes
for the year of disposal of the asset by the difference between the
credit taken in all affected years and the refigured credit (Federal Tax

Guide, 1981).

Machinery Investment/Disinvestment Subsystem

The investment/disinvestment subsystem inputs the results
generated by the linear programming subsystem and asset ownership
cost subsystem and computes the net returns attributable to machinery
which in turn is used in determining the optimal investment/
disinvestment strategy given the projected gross returns, variable
costs, and other assumptions outlined in this study. The following
section outlines the assumptions used in determining the net returns
attributable to machinery for the hypothetical farm in Northcentral

Oklahoma.,

Returns to Machinery

The procedure used to determine returns to machinery in this
study is as follows: Projected gross returns and variable cost for
the years 1982-1995 were estimated using regression equations with

time the independent variable. Subtracting variable cost of production/



TABLE X

RECAPTURE INVESTMENT CREDIT

Recapture
Disposed of 3 year 5 year

Within 1 year 6% 10%
After 1 year 47 %
After 2 years 27 %
After 3 years 0 4%
After 4 vears 0 27
After 5 years 0 0

Source: Mike L, Hardin and Cecil D. Maynard
(1981).
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acre from gross returns/acre results in returns to land, overhead,
risk, management, and machinery. The following assumptions were made
in estimating charges for overhead, management and risk, and land,

so that returns to machinery could be determined and analyzed in the

investment/disinvestment decision model.

Charges for Overhead

Charges for farm overhead expenses assumed in this study
where $9.00 per acre for 1981 in the Southern Plains. Future overhead

charges were inflated by (1+r)™ (U.S. Department of Agriculture,

1980a).

Charges for Management and Risk

Charges for mangement and risk were estimated by the following
equation:
Management and risk charges = 107 (Variable cost + Machinery

Fixed Cost + Overhead) (U.S. Department of Agriculture, 1980a).

Charges for Land

Charges subtracted for land are those being currently charged
by landowners in a sharecrop situation for the use of the land in
the Southern Plains of Oklahoma. This charge is computed by taking
one third of gross receipts from the land minus one third of fertilizer

and pesticide cost (Weisgerber, 1980).

Gross Returns to Machinery

Tables XI and XII gives projected gross returns and variable

cost of production/acre for the planning horizon 1981-1995. The last



TABLE XI

RETURNS TO PRODUCTION/ACRE OF WHEAT USING
PREDICTED GROSS RETURNS AND VARIABLE COST

Gross Returns Variable Net Returns
Cost of
Year Class I Class 1II Production Class 1 Class II
19812 149.52 134.56 73.54 75.98 61.02
1982 154 .22 138.80 63.67 90.55 75.13
1983 165.22 148.70 67.31 97.91 81.39
1984 176.68 159.01 71.10 105.58 87.91
1985 188.62 169.75 75.05 113.57 94.70
1986 201.02 180.92 79.14 121.88 101.78
1987 213.89 192.50 83.39 130.50 109.11
1988 227.23 204.51 87.79 139.44 139.44
1989 241.04 216.94 92.34 148.70 124.60
1990 255.32 229.79 97.05 158.27 132.74
1991 270.07 244.06 101.90 168.17 141.16
1992 285.29 250.91 106.91 178.39 150.00
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TABLE XI (Continued)

Gross Returns Variable Net Returns
Cost of
Year Class I Class 11 Production Class I Class II
1993 300.98 270.88 112.07 188.91 158.81
1994 317.13 285.57 117.38 199.75 168.19
1995 333.76 300.39 122 .84 210.92 177.55

a
Actual return

and cost data for year 1981.
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TABLE X11I

RETURNS TO PRODUCTION/ACRE OF GRAIN SORGHUM
USING PREDICTED GROSS RETURNS
AND VARIABLE COST

Gross Returns Variable Net Returns
Cost of
Year Class I Class II Production Class 1 Class 1II
1981% 126.00 113.40 51.75 74.25 61.65
1982 113.18 104.52 46.18 67.00 58.34
1983 120.02 111.99 48.86 71.16 63.13
1984 127.09 117.69 51.66 75.43 66.03
1985 134.40 124.61 54.57 79.83 70.04
1986 141.93 131.75 57.59 84.34 74.16
1987 149.69 139.12 60.72 88.97 78.40
1988 157.69 146.71 63.97 93.72 82.74
1989 165.92 154.52 67.33 98.59 87.19
1990 174 .37 162.56 70.80 103.57 91.76
1991 183.06 171.05 74.38 108.68 96.67
1992 191.98 179.31 78.08 113.90 101.23
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TABLE XIT (Continued)

Gross Returns Variable Net Returmns
Cost of
Year Class 1 Class 1II Production Class 1 Class II
1993 201.13 188.01 81.89 119.24 106.12
1994 210.51 196.94 85.81 124.70 111.13
1995 220.12 206.10 89.85 130.27 116.25

a
Actual return

and cost data

for year 1981.

6%
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column list returns less variable cost for the two classes of land.

Machinery Cost

Gross returns to machinery are inputted into the investment/
disinvestment subsystem which estimates the optimal investment/
disinvestment decision. The following costs are computed in this
subsystem and subtracted from gross returns to arrive at net returns
to machinery. Repair and maintenance costs have already been computed

in the repair cost subsystem.

User and Capacity Time Cost, Changes in the market value of the

machinery complement are assumed to reflect user and capacity time
cost in this study, For the base solution, Agricultural Engineer
equations were used in estimating future machinery salvage values

(A.S.A,E,, 1980). The predicted salvage values are shown in Table XIII.

Control Cost. Funds used to purchase assets are not available for

investment elsewhere, thus costs occur., If equity funds are involved,
the cost is the foregone earnings on the next best investment
opportunity. If borrowed funds are involved, the cost is the interest
paid on the loan. Control costs assumed in the base problem are

(1) an eight percent opportunity cost times the value of the machinery
complement at the beginning of each vear, and (2) interest cost
computed using a "typical" machinery loan arrangement through the
Production Credit Association. Interest rate charges at the time

of this study were 16.3 percent on the unpaid balance, for a three
year period, with the borrower paying one-third of the principal

balance each year plus accrued interest charges.



TABLE XITII

MACHINERY SALVAGE VALUES AS
PERCENT OF LIST PRICE?

Machine 1981 1982 1983 1984 1985 1986 1987 1988 1989
Tractor 19,077b 18,780 18,487 18,198 17,914 17,635 17,360 17,089 16,822
Tandem Disk 1,818 1,721 1,630 1,543 1,461 1,384 1,310 1,241 1,112
Moldboard Plow 2,727 2,582 2,445 2,315 2,192 2,076 1,966 1,861 1,668
Field Cultivator 2,443 2,367 2,190 2,074 1,964 1,860 1,761 1,667 1,495
Springtooth 1,988 1,883 1,783 1,688 1,598 1,514 1,433 1,357 1,216
Drill 2,499 2,367 2,241 2,122 2,009 1,903 1,802 1,706 1,529
Row Cultivator 965 914 866 820 776 735 696 659 591
Sprayer 681 645 611 578 548 519 491 465 417

19



TABLE XITI (Continued)

Machine 1990 1991 1992 1993 1994 1995
Tractor 16,560 16,303 16,047 15,797 15,550 15,308
Tandem Disk 1,112 1,054 998 945 895 847
Moldboard Plow 1,668 1,581 1,497 1,417 1,342 1,271
Field Cultivator 1,495 1,416 1,341 1,270 1,202 1,139
Springtooth 1,216 1,152 1,091 1,633 979 927
Drill 1,529 1,449 1,372 1,299 1,230 1,165
Row Cultivator 591 560 530 502 476 450
Sprayer 417 395 374 354 335 317

#1980 American Society Engineers Yearbook,

bValues in dollar amounts.

29



Tax Cost. The cost of taxes per hour is based on the purchase
price of the machine. Hourly tax costs are computed using the
following equation:

Tax cost per hour = Purchase price * Tax Rate/hours used annually
The tax rate assumed is .01 (Oklahoma State University Enterprise

Budgets).

Net Returns to Machinery

Subtracting user and capacity time cost, control cost, and
insurance cost from the gross returns to machinery results in net
returns to machinery excluding tax considerations. By subtracting
taxes paid on machinery and adding tax reductions due to machinery
depreciation deductions and investment tax credits results in net
returns to machinery. The flow of net returns to machinery is
inputted into the investment/disinvestment model to determine the
optimal economic life of the machinery. The following chapter

presents the applications made of the investment/disinvestment model,
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CHAPTER IV

MODEL APPLICATION

Base Solution

The base solution of the investment/disinvestment decision
model in this study is given in Table XIV. In arriving at this
solution 625 acres of land were available for production. By
projecting returns using regression equations and assumptions outlined
in Chapter III, 210.67 acres of wheat on Class I land, 39.33 acres
of grain sorghum on Class I land, and 375 acres of grain sorghum
on Class II land was determined to be the profit-maximizing solution
by the linear programming subsystem throughout the 15 year horizon.
Although the program determines an optimal planting strategy for
each year, the planting strategy does not change throughout the 15
years due to the nature of the predicted returns. Variable usage and
random returns are incorporated into the model in Chapter V.

Table XIV and the remaining replacement tables in this chapter
are set up in the following format. Column 1 lists the period
being analyzed. The planning horizon in this study is for the years
1981-1995. Column 2 lists gross returns less variable costs generated
throughout the 15 year planning horizon. Gross returns and variable
costs were estimated using the forecasting equations outlined in
Chapter III. Subtracting returns to land, management, risk, and

overhead results in gross returns to machinery given in column 3.
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TABLE X1V

MACHINERY INVESTMENT/DISINVESTMENT BASE SOLUTION

Returns Less Returns to Period Present Period Average
Age Variable Cost Machinery Costs Value Returns Returns
(1) (2) (3) 4) ) (6) (7)
1 42045.69 10049.69 25785.81 -14570.49 -15736.13 -15736.13
2 43588.89 12215.14 8578.01 -11452.23 3637.13 - 6422.06
3 47099.29 13726.24 8315.30 - 7156.86 5410.93 - 2777.10
4 49970.59 14945.73 5955.47 - 548.76 8990.25 - 165.68
5 53330.57 16054 .36 7897 .54 5002.63 8156.81 1252.94
6 56803.63 17180.29 13598.00 7260.08 3582.28 1570.47
7 60391.73 18319.14 17450.79 8350.24 1868 .34 1603.85
8 64089.48 19464 .98 19769.71 8185.60 - 304.73 1424 .42
9 67900.56 20617.79 23619.91 6693.79 - 3002.12 1069.94
10 71826.38 21776.07 28035.53 3784 .44 - 6259.46 563.99
11 75954 .31 22994 .13 33109.84 - 554.02 -10115.72 - 77.61
12 80020.44 14090.70 38914 .46 - 6440.75 -14823.77 - 854.66
13 84282.50 25234.99 45506.40 -13894.52 -20271.42 - 1757.96
14 88659.75 26369 .45 52985.57 -22956.28 -26616.12 - 2784.52
15 93152.13 27489.00 61463.30 -33666.41 -33974.31 - 3933.23

S9
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Period costs in column 4 consist of machinery repair and maintenance
costs, insurance and taxes on machinery, and user and capacity time
costs. Tax savings due to the 1981 Economic Recovery Tax Act are
treated as cost reductions and are included in column 4. Column

6 is the net returns to machinery, (column 3 minus column 4) for each
period. Column 5 is the present value of net returns (column 6) for
the entire life of the machinery complement. For example, the present
value in period two given in column 5 is the present value of period
net returns in year one and year two, the present value for year

three is the present value of total returns up to that period. Column
7 is the amortized multiperiod gain function Gr/(1-(1+r)~5) as
discussed in Chapter II.

An eight percent discount rate is assumed in this study. The
discount rate should represent a value which reflects time nreference
for a lump sum of money. For income tax purposes the accrual method
in which all items of gross income from the farming operation and farm
business expenses are included in the tax year in which they are
incurred, regardless of when payment is received or paid. A calendar
year represents a tax year in this study. A farmer and his wife with
two children were assumed to file a joint return in computing tax
considerations. The standard depreciation period of five vears under
the 1981 Tax Recovery Act was chosen in depreciating the machinery
complement and a ten percent investment credit was taken in the vear
of acquisition of the machinery complement.

The investment/disinvestment model utilizes the period returns
and the multi-period amortized gain function given in columns 6 and 7

in determining the optimal replacement decision. By comparing the
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multi-period gain function Gr(l-(l+r)—S in year two, the period
returns are greater than the amortized average thus the machinery
complement should be kept the first period. This comparison continues
(choosing s) until period returns (column 6) are less than the
annualized average returns. In year eight, period returns of -304.,73
are less than the annualized returns of 1424.42., Thus the machinery
complement should not be kept the eighth year since the period returns
are now causing the annualized average returns to decrease. Figure 14
shows graphically how the replacement period is' determined. Where the
marginal returns equals the average returns is the period for
replacement. The -optimum economic life of the machinery complement

is seven years.

Effects of Gross Returns on the Investment/

Disinvestment Decision

The base replacement solution was based on forecasted returns
and variable cost computed using a quadratic model Y = a + b(year)
+ c(yearz) using 1950-1981 data. Two different forecasting equations
are now inputed into the model to determine the effect of the projected
returns being assumed in determing replacement.

Table XV is the replacement decision model with gross returns

and variable cost based on 1970-1981 data. The method used for

r

orecasting returns and cost fits a trend model across time such
that the most recant data is weighted more heavily than data in the
earlier part of the series. The weight is a geometric function of

the number of periods past where:
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TABLE XV

INVESTMENT/DISINVESTMENT MODEL WITH FORECASTED RETURNS BASED ON

1970-1981 WEIGHTED TREND RETURN AND COST DATA

Returns Lless Returns to Period Present Period Average
Age Variable Cost Machlinery Costs Value Returns Returns
1) 2) 3) ) (5) (6) )
1 42045.69 10049.69 25785.81 -14570.49 -15736.13 -15736.13
2 41701.00 9796. 26 8732.69 -13658.66 1063.55 - 7659.36
3 43984.14 10382.09 8533.36 -12191.09 1848.72 - 4730.55
4 46263.52 11123.66 6252.04 - 8610.30 4871.62 - 2599.63
5 48547.05 11455.84 8280.22 - 6449.03 3175.61 - 1615.20l
6 50824.75 11747.41 13598.00 - 7615.22 - 1850.60 - 1647.29
7 53107.88 12003.29 16450.79 -10210. 30 - 4447.51 - 1961.12
8 55387.17 12212.67 19769.71 -14293.13 -~ 7557.04 - 2487.22
9 59928.30 13885.53 23619.91 -19162.75 - 9734.38 - 3067.57
10 59949.73 12495.43 28035.53 -26360.83 -15540.11 - 3928.54
11 62160.91 12492.73 33109.84 -35203.16 -20617.12 - 4931.13
12 64512.77 12570.02 38914.46 -45644.91 -26344 .45 - 6059.50
13 66798.75 12524.24 45506.40 -57792.40 -32982.17 - 7312.00
14 69073.63 12404.33 52985.57 -71608.69 -40581.25 - 8685.91
15 71356.69 12224.54 61463.30 .-87130.81 -49238.78 -10179.45
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weight = (1-a)T-t
t = number of observations
T = last observation number
a = weighted constant = .3

This procedure results in gross returns for wheat increasing
approximately 4.49 percent and gross returns of grain sorghum increasing
4,2 percent. Wheat variable costs were forecast to increase at a rate
of 4.8 percent and grain sorghum variable costs to increase at 4.5
percent on average.

Comparing columns 1 and 2 of Table XV to those of XIV illustrate
the much lower returns generated by using this estimating procedure.
Examining columns 6 and 7, period returns in year six of -1850.60
are less than the annualized average of -1747.,29, thus the optimal
replacement occurs at the end of year five. The reduced net returns
forecasted in this simulation reduces the economic life of the
machinery complement from seven years found in the base solution to
five year. Figure 15 shows graphically how the reduced forecasted
returns reduces the economic life of the machinery complement.

Table XVI shows the replacement model based on returns and variable
cost being forecasted with a simple linear equation Y = a + b(year)
computed based on 1976-1981 data. As evident in columns 1,2, and 5,
using this forecasting procedure results in returns to machinery greater
than those found in the two previous model applications. Comparing
the period returns to the annualized average (columns 6 and 7),
period returns in year nine are less than the annualized average, the
optimal economic life is therefore eight years. Thus, with greater
returns to machinery projected throughout the 15 year period, the

economic life of the complement increases from seven to eight years.
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TABLE XVI

INVESTMENT/DISINVESTMENT MODEL WITH FORECASTED RETURNS BASED ON

Linear Regression of 1976-81 RETURN AND COST DATA

Returns Less Returns to Period Present Period Average
Age Variable Cost Machinery Gosts Value Returns Returns
1) (2) 3) (4) (5) (6) )
1 42045.69 10049.69 25785.81 -14570.49 -15736.13 -15726.13
2 47810.53 13108.79 8207.62 -10368.53 4901.16 -5814.35
3 52702.99 15054.93 7821.30 - 4626.24 7233.63 - 1795.14
4 57599.57 17166.71 5515.10 3938.04 11651.61 1188.98
5 62472.70 18847.48 7417.78 11716.90 11429.70 2934.57
6 67392.13 20523.79 13598.00 16081.32 6925.77 3478.64
7 + 72286.69 22142.10 16450.79 19402.13 - 5691.30 3726.62
8 77181.19 23719.69 19769.71 21536.18 ©3949.98 3747.61
9 82075.69 25249.92 23619.91 22351.59 1630.00 3578.04
16 86973.69 26734.39 28035.53 21748.90 - 1301.15 3241.23
11 91868.19 28165.00 33109.84 19628.14 - 4944 .85 2749.44
12 96764.81 29541.13 38914.46 15905.85 - 9373.34 2110.63
13 101657.70 30855.25 45506.40 10518.64 -14651.16 1330.84
14 106557.60 32110.44 52985.57 3411.47 ~20875.14 413.80
15 111453.80 33293.75 61463.30 76 -28169.56 - 638.91

- 5468,
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The Effect of Farm Size on the Investment/

Disinvestment Model

The base solution assumed a farm size of 625 acres in determining
the optimal economic life of the machinery complement. The following
two simulations examine the effect on the replacement decision of
increasing and decreasing farmland 100 acres.

Table XVII illustrates the replacement model when 100 acres
of Class II land is sold or removed from production., With land
constraints of 250 acres of Class I land and 275 acres Class II land,
the optimal planting strategy for the 15 year period is 239.88 acres
wheat on Class I land, 10.11 acres sorghum on Class I land, and 275
acres grain sorghum on Class II land. Comparing Table XVII with the
base solution (Table XIV), the optimal economic life of the machinery
complement with 100 less acres increases from seven years to nine
years., Nine years is the economic optimum because period returns of
410.46 in column 6 in year ten are less than the annualized average
of 1737.49. The reasons for the increase in the economic life can
be determined by examining the lower gross returns (columns 1 and 2)
and the lower repair and maintenance cost reflected in column 4.
Examining column 6, net returns to machinery are less in earlier years
due to lower production but higher in later years due to lower repair
and maintenance cost attributable to less machinery usage. The
annualized average (column 7) is a time-corrected average return which
reflects the lower early returns and higher later returns. This change
in the annualized returns results in a longer economic life and is

shown graphically in Figure 16,



INVESTMENT/DISINVESTMENT MODEL WITH A DECREASE OF 100 ACRES

TABLE XVII

FARMLAND

Returns Less Returns to Period Present Period Average
Age Variable Cost Machinery Gosts Value Returns Returns
(1) (2) (3) (4) (5) (6) 7)
1 35931.24 8299.24 26038.13 -16424.91 -17738.90 -17738.90
2 38442.87 11054.12 8416.59 -14163.65 2637.52 - 7942.54
3 41567.76 12452.11 7646.17 -10348.55 4805.93 - 4015.59
4 44248.38 13698.05 4674.75 - 3716.16 9023.29 - 1121.98
5 47312.24 1477174 5881.27 2334.55 8890.46 584.70
6 50484 .30 15867.26 10458.32 5743.09 5408.93 1242.32
7 53764.98 16981.04 12342.01 8449.92 4639.03 1623.00
8 57151.13 18109.83 14544 .40 10382.20 3576.51 1806.66
9 60645. 46 19251.05 17079.36 11468.58 2171.69 1835.89
10 64248.42 20404.73 19994.26 11658.70 410.46 1737.49
11 68025.19 21609.43 23348.92 10912.66 ©=1739.50 1528.61
12 71781.13 22733.74 27190.38 9142.86 -4456.64 1213.21
13 75705.81 23900.26 31548.71 6330.54 -7648.45 800.95
14 79739.25 25065. 80 36493.55 2439.83 -11427.76 295.94
15 83883.19 26225.70 42103.55 - 2565.54 ~15877.86 - 299.73
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Table XVIII shows the replacement model with an addition of 100
acres from that in the base solution. Labor constraints were increased
in order to allow for the additional acreage. The optimal planting
strategy throughout the projected 15 year period was estimated by the
linear programming subsystem to be 266.96 acres wheat on Class I land,
8.41 acres grain sorghum on Class IT land, and 445.8 acres grain
sorghum on Class II land. Comparing Table XVIII with the base solution,
it is apparent that the increased acreage increases machinery repair and
maintenance cost due to the increased usage. Column 6 illustrates that
with increased usage, earlier net returns to machinery are higher due
to the increased gross returns, but later years are lower due to the
increased‘repair and maintenance cost., The time-preferenced annualized
average returns (column 7) takes into account this change resulting in
a shorter economic life. Period returns (colum 6) in year seven of
408.84 are less than the multi-period gain function 2497.67, thus the
optimal economic life is six years, one year less than determined in

the base solution.

The Effect of Salvage Values on the

Investment/Disinvestment Model

Salvage values in the base solution were estimated using 1980
Agricultural Engineer equations (Table XIIT). 1In order to examine
the effect of changing market values of the machinery complement,
which represents user and capacity time cost in this study, future
salvage values were computed based on 1980 Blue Book Values. 1In
order to estimate salvage values for the tractor, an actual model

similar in list price, horsepower, and technical coefficients was



TABLE XVIII

INVESTMENT/DISINVESTMENT MODEL WITH AN INCREASE OF 100 ACRES FARMLAND

Returns Less Returns to Period Present ' Period Average
Age Variable Cost Machinery Costs Value Returns Returns
(1) (2) (4) &) (6) (7)
1 48364.35 11449.35 25562.55 -13067.78 -14113.20 -14113.20
2 50719.95 14317.21 8558.60 - 8130.71 5758.60 ~ 4559.45
3 54853.60 16077.13 8874.75 - 2413.23 7202.38 - 936.41
4 58228.33 17456.93 7377.72 4995.29 10079.38 1508.18
5 62184.32 18779.39 10144.34 10872.16 8635.05 2723.00
6 66275.69 20124.05 17119.93 12765.26 3004.12 2761..32
7 70504 .31 21486.07 21077.22 13003.81 408.84 2497 .67
8 74863.88 22858.18 25685.02 11476.55 —2826.85 1997.09
9 79358.88 24240.74 31029.79 8080.33 - 6789.05 1293.50
10 83991.13 25632.22 37196.26 2736.44 -11537.05 407.81
11 88864 .00 27096.38 44222.72 - 4608.77 =17126.34 - 645.58
12 93664.31 28420.21 52290.80 -14088.11 -23870.59 - 1869.42
13 98698.19 29802.75 61462.35 -25729.30 -31659.61 - 3255.32
14 103869.50 31177.44 71872.56 -39584.45 -40695.23 - 4801.47
15 109178.70 32536.94 83671.44 -55704.21 -51134.57 - 6507.90

LL
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selected. The tractor selected was a Massey Ferguson 2675 Diesel
eight-speed Western. To obtain salvage values for implements using the
Blue Book, the factory list price of the machine is used as an index
for the miscellaneous implement valuation schedule found in the
Blue Book (Falconer, 1980). Since Blue Book values are for only ten
years, the last five years of the replacement horizon were estimated
using simple linear regression equations based on the first ten years.
Table XIX list the estimated salvage values.

The investment/disinvestment model with the new salvage values
is given in Table XX. The optimal replacement period does not change
from that determined in the base solution using agricultural engineer
equations. In year eight the period returns of -11-.62 is less
than the annualized average of 1245.86, thus the optimal economic
life remains at seven years. The column of interest in this simulation
is column 4, period cost. Because of flucturating salvage values,
machinery ownership cost may decrease from one period to the next
even though repair and maintenance cost continue to rise with age and
use. Machinery cost increase from 9488.59 to 12537.44 in vears two
and three due to machinerv depreciation, however machinery ownership
cost actually decrease from $15028.55 in vear six to $14901.43 in vear

seven due to machinerv appreciation.

The Effect of Repair Cost on the

Investment/Disinvestment Model

Repair and maintenance cost are one of the largest costs associated
with the ownership of farm machinery and vary widely depending upcn

(1) weather, (2) mangement, (3) use, (4) repair labor charges, and



TABLE XIX

MACHINERY SALVAGE VALUES BASED ON BLUE BOOK VALUES

1981 1982 1983 1984 1985 1986 1987 1988

Tractor 23415 22506 19998 18081 17192 15988 15346 14629
Tandum Disk 2037 1936 1776 1647 1352 1195 1383 1286
Moldboard Plow 3018 2964 2695 2342 2013 1736 1948 1875

Field Cultiwvator 2719 2692 2397 2108 1811 1594 1802 1886

Springtooth 2205 2190 1530 1720 1489 1284 1510 1446
Drill 2782 2722 1963 2196 1852 1594 1753 1886
Row Cultivator 1130 1058 965 878 724 664 701 696
Sprayer 826 726 698 600 483 442 535 535
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TABLE XIX (Continued)

1989 1990 1991 1992 1993 1994 1995
Tractor 13970 13831 11420 10323 9219 8115 7011
Tandum Disk 1120 1102 899 792 686 580 473
Moldboard Plow 1709 1750 1346 1190 1034 878 722
Field Cultivator 1750 1621 1367 1245 1123 1001 879
Springtooth 1296 1296 1074 979 884 789 694
Drill 1750 1820 1820 1457 1247 1142 1037
Row Cultivator 613 674 505 450 395 340 295
Sprayer 471 453 370 333 296 259 222

08



TABLE XX

INVESTMENT/DISINVESTMENT MODEL WITH BLUE-BOOK SALVAGE VALUES

Returns Less Returns to Period Present Period Average
Age Variable Cost Machlinery Costs Value Returns Returns
(1) (2) (4) &) (6) )
1 42045.69 10045.69 19890.26 - 9115.40 - 9844.57 9844 .57
2 43588.89 12212.14 9488.59 - 6780.34 2723.54 3802.21
3 47099.29 13725.24 12537.44 ~- 5837.44 1187.89 2265.12
4 49970.59 14945.73 7631.35 - 461.15 7314.38 139.23
5 53300.57 16055.36 9686.24 3873.56 6369.11 970.16
6 56803.63 17182.29 15038.55 5224.47 2143.73 1130.13
7 60391.73 18320.14 14901.43 7219.25 3418.71 1386.62
8 64089.48 19465.98 19576.59 7159.49 - 110.62 1245.86
9 67900.56 20619.79 24270.72 5333.11 - 3650.94 853.72
10 71826.38 21777.07 27237.93 2803.67 - 5460.86 417.83
11 75954,31 22997.13 35983.91 - 2766.15 -12986.79 387.47
12 80020.44 24093.70 39838.86 - 9018.77 -15745.17 1196.75
13 84282.50 25238.99 46193.52 -16723.72 -20954.54 2115.92
14 88659.75 26374.45 53484.50 -25953.64 ~-27110.05 3148.10
15 93152.13 27495.00 61857.56 ~36786.17 -34362.57 4297.71

18
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(5) parts cost. Although the equations estimated in the Agricultural
Engineer Yearbook have a high R? (greater than .9), studies have
estimated that repair and maintenance cost may range from 50 to

200 percent of cost estimated by the repair equations (A.S.A.E., 1980).
To examine the effects of different repair costs assumed in the model,
repair costs of 50, 75, 150, and 200 percent of those estimated in

the base solution were computed into the model. The results are as
follows.

Table XXI shows the replacement model with repair and maintenance
costs at 50 percent of those estimated in the base solution (Table XIV).
Column 4 illustrates how smaller repair and maintenance costs change
the total machinery ownership cost as the machinery complement ages and
total accumulated usage increases. During the first three years,

a 50 percent decrease in repair cost decreases total machinery cost very
little; however, as the durables age and total accumulated usage
increases period costs are significantly lower with the lower repair
cost. Examining the period returns and the multi-period gain function,
repair and maintenance cost increase the optimal economic life of the
machinery complement from seven years determined in the base solution
to ten years.

Table XXII illustrates the replacement model with repair and
maintenance cost set at 75 percent of those used in the base solution.
As with the 50 percent decrease, the reduced repair cost affect
earlier net returns very little, while later years the period returns
(column 6) are much higher with lower repair and maintenace cost.

Since column seven is a time-preferenced annualized average of

returns the unchanged early returns and the higher later returns



TABLE XXI

REPLACEMENT MODEL WITH REPAIR AND MAINTENANCE COST
50 PERCENT OF THOSE ESTIMATED IN BASE SOLUTION

Returns Less Returns to Period Present ' Period Average
Age Variable Cost Machinery Costs Value Returns Returns
1) (2) 3 4) . (5) (0) )
1 42045.69 10049.69 25488.07 -14294.80 -15438.38 -15438.38
2 43588.89 12215.14 7586.34 -10326.35 4628.79 - 5790.70
3 47099.29 13726.24 6528.88 - 4612.86 7197.35 - 1789.94
4 49970.59 14945.73 3223.80 4003.10 11721.91 1208.62
5 53330.57 16054.36 4070.12 12159.37 11984.23 3045.39
6 56803.63 17180.29 8696 .36 17505.68 8483.93 3786.75
7 60391.73 18319.14 10072.39 22317.58 8246.75 4286.59
8 64089.48 19464 .98 11680.75 26523.16 . 7784.23 4615.42
9 67900.56 20617.79 13560.13 30053.75 7057.66 4811.00
10 71826.38 21776.07 15715.36 32861.03 6060.71 4897.26
11 75954.31 22994.13 18207.16 34914.07 4786.96 4890.64
12 80020. 44 24090.70 21071.37 36113.09 3019.32 4792.03
13 84282.50 25234.99 24325.54 36447.49 909.44 4611.40
14 88659.75 26369 .45 28025.98 35883.50 - 1656.54 4352.55
15 93152.13 27489.00 32236.17 34386.99 - 4747.18 4017.42
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REPLACEMENT MODEL WITH REPAIR AND MAINTENANCE COST
75 PERCENT OF THOSE ESTIMATED IN BASE SOLUTION

TABLE XXII

Returns Less Returns to Period Present Period Average
Age Variable Cost Machinery Costs Value Returns Returns
(1) (2) ) (5) (6) &)
1 4204569 10049.69 25636.94 e i
2 43588.89 12215.14 8082.17 -10889.29 4132.96 - 6106.38
3 47099.29 13726.24 7433.41 - 5893.84 6292.82 - 2287.01
4 49970.59 14945.73 4574.86 1729.06 10370.86 522.04
5 53330.57 16054.36 5978.40 8586.58 10075.95 2150.57
6 56803.63 17180.29 11147.18 12388.46 6033.11 2679.82
7 60391.73 18319.14 13261.59 15339.50 5057.55 2946.29
8 64089.48 19464.98 15725.22 17359.97 ©3739.75 3020.69
9 67900. 56 20617.79 18590.01 18374.36 2027.77 2941.36
10 71826.38 21776.07 21875.45 18328.32 - 99.38 2731.46
11 75954 .31 22994.13 25658.50 17185.61 — 2664.38 2407.30
12 80020. 44 24090.70 29992.92 14841.75 - 5982.23 1969.43
13 84282.50 25234 .99 34915.96 11282.07 - 9680.98 1427.43
14 88659.75 26369.45 40505.77 6469.20 -14136.33 784.69
15 93152.13 27489.00 46849.73 365.88 ~19360.74 42.75

78
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result in the increase of the optimal economic life of the complement
from seven to eight years.

The results of increasing repair and maintenance costs 150 and
200 percent above the base solution are shown in Tables XXIII and
XXIV. The increase in repair and maintenance costs change period
returns negligibly the first few years of life, but as the machinery
ages; repair and maintenance costs escalate and cause period returns
to machinery to decrease at a much faster rate. The annualized
average incorporates this pattern and in both cases the optimal economic
life of the machinery complement decreases to five years from the
seven year life determined in the base solution. Figure 17 graphically
presents the marginal and average net return curves with a 50 percent
decrease in repair cost from those in the base solution and a 100
percent increase in forecasted repair and maintenance cost from the

base solution.

Effects of Incorporating Tax Considerations

Into the Investment/Disinvestment Model

One purpose of the 1981 Economic Recovery Tax Act was to encourage
investment. The base solution included the tax regulations under the
1981 Economic Recovery Tax Act by using a five year standard accelerated
recovery period, a ten percent investment credit in the year of
acquisition, and the new tax tables, Two simulations are now presented
in order to- examine the effects of taxes on the replacement model and
specifically the effect(s) of the 1981 Economic Recovery Tax Act on
investment.

The first simulation (Table XXV) illustrates the investment model



TABLE XXITI

REPLACEMENT MODEL WITH REPAIR AND MAINTENANCE COST
150 PERCENT OF THOSE ESTIMATED IN BASE SOLUTION

Returns Less Returns to Period Present ' Pcriod AQerage
Age Variable Cost Machinery Costs Value Returns Returns
(1) (2) : 3) (4) () (6) )
1 42045.69 10049.69 26083.56 -14846.18 -16033.87 -16033.87
2 43588.89 12215.14 9556 .47 -12566.80 2658.66 - 7047.07
3 47099.29 13726.24 10079.08 - 9671.57 3647.15 - 3752.90
4 49970.59 14945.73 8716.71 - 5093.06 6229.01 - 1537.70
5 53330.57 16054.36 11823.16 ~ 2213.39 4231.18 - 554.36
6 56803.63 17180.29 18499.65 - 3044.81 - 1319.37 - 658.64
7 60391.73 18319.14 22829.20 ~ 5676.39 - 4510.06 - 1090.28
8 64089.48 19464.98 27858.67 -10211.25 - 8393.70 - 1776.91
9 67900.56 20617.79 33679.67 -16745.45 ~13061.89 - 2680.61
10 71826.38 21776.07 40355.70 ~25351.42 -18579.64 - 3778.11
11 75954.31 22994.13 48012.52 ~-36081.39 -~25018.39 - 5054.15
12 80020.44 24090.70 56757.55 -49053.86 -32666.86 - €599.20
13 84282.50 25234.99 66687.19 -64295.79 ~41452.,27 - 8134.82
14 88659.75 26369.45 77944 .94 --81855.25 -51575.59 - 9928.79
15 93152.13 27489.00 90690.25 -101778.94 -63201.32 -11890.79
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TABLE XXIV

REPLACEMENT MODEL WITH REPAIR AND MAINTENANCE COST
200 PERCENT OF THOSE ESTIMATED IN BASE SOLUTION

Returns Less Returns to Period Present Period Average
Age Variable Cost Machinery Costs Value Returns Returns
1) (2) (3 (4) (3) (6) (7)
1 42045.69 10049.69 26381.30 - 15121.87 -16331.62 -16331.62
2 43588.89 12215.14 10512.40 - 13662.05 1702.73 - 7661.25
3 47099.29 13726.24 11842.99 - 12167.07 1883.24 - 4721.23
4 49970.59 14945.73 11462.07 - .9606.48 3483.64 - 2900.40
5 53330.57 16054.36 15713.95 - 9374.81 340.39 - 2347.98
6 56803.63 17180.2¢° 23401.30 - 13295.11 - 6221.02 ~ 2875.94
7 60391.73 18319.14 29207.61 - 19648.43 -10888.47 - 3773.92
8 64089.48 19464 .98 35947.63 - 28553.50 -16482,66 -~ 4968.73
9 67900.56 20617.79 43739.45 - 40120.10 -23121.66 - 6422.41
10 71826.38 21776.07 52675.88 - 54432.70' ~-30899.81 - 8112.07
11 75954.31 22994.13 62915.20 - 71554.19 -39921.08 -10023.05
12 80020.44 24090.70 74600.44 - 91612.31 -50509.79 -12156.49
13 84282.50 25234.99 87867.94 ~114642.34 -62633.02 -14504.75
14 88659.75 26369.45 102904.50 -140699.57 -76535.13 -17066.41
15 93152.13 27489.00 119917.40 -169836.73 -92428.44 -19841.96
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TABLE XXV

INVESTMENT/DISINVESTMENT MODEL WITHOUT TAKING TAXES INTO CONSIDERATION

Returns Less Returns to Period Present Period Average
Age Variable Cost Machinery Costs Value Returns Returns
) (2) (3) 4 (5) (©) )
1 42045.69 10049.69 33201:36 - 21436.73 ~23151.67 -23151.68
2 43588.89 12215.14 11640.41 - 20943.99 574.73 ~11744.75
3 47099.29 13726.24 11276.63 - 18999.42 2449.60 - 7372.41
4 49970.59 14945.73 9140.68 - 14732.54 5805.04 - 4448.06
5 53330.57 16054.36 11179.47 - 11414.77 4874.88 -~ 2858.90
6 56803.63 17180.29 13598.00 - 9157.32 3582.28 - 1980.87
7 60391.73 18319.14 16450.79 ~ 8067.16 1868.34 - 1549.48
8 64089.48 19464.98 19769.71 - 8231.80 - 304.73 - 1432.45
9 67900.56 20617.79 23619.91 - 9733.61 - 3002.12 - 1558.15
10 71826.38 21776.07 28035.53 - 12632.95 - 6259.46 - 1882.68
11 75954.31 22994.13 33109.84 - 16971.41 -10115.72 - 2377.29
12 80020.44 24090.70 38914.46 - 22858.14 ~14823.77 - 3033.16
13 84282.50 25234.99 45506.40 - 30311.91 -20271.42 ~ 3835.12
14 88659.75 26369.45 52985.57 - 39373.67 -26616.12 - 4775.90
15 93152.13 27489.00 61463.30 ~ 50083.80 -33974.31 - 5851.27
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without taking taxes into consideration, Tax savings were treated as
cost reductions and incorporated in the period cost (column 4) in the
previous simulations. The tax savings that occur in the first five
years due to the ten percent investment credit and the depreciation
allowances determined in the base solution are unaccounted for in Table
XXV. The optimal replacement period increases from seven to eight years
when tax considerations are not accounted for in the model. This is
because the multi-~-period annualized average (column 7) starts much lower
due to the tax savings being unaccounted for, thus the time it takes

for period returns (column 6) to cause a decrease in the annualized
average increases,

Table XXVI presents the investment/disinvestment model based on
tax regulations prior to the 1981 Economic Recovery Tax Act. For this
simulation, a 6.667 investment credit is taken in the year of
acquisition and a declining balance deprecdiation method over .eight
vears was used in depreciating the asset. A $6000 salvage value for
the machinery complement was assumed at the end of eight vears.
Fxamining columns (6) and (7), the optimal economic life determined
for the machinery complement is seven years. Straight line and sum
of the vears digits depreciation schedules were simulated and also
resulted in an economic life of seven vears.

The following conclusicns mayv be drawn from the above simulations.
A one-period error resultsd by not incorporating the effects of
investment credits and depreciation allowances into the solution of the
optimel investment/disinvestment decision. However, the 1981 Economic
Recovery Tax Act did not decrease the investment/disinvestment period

from that determined based on prior tax regulations and tax tables.



TABLE XXVI

INVESTMENT/DISINVESTMENT MODEL BASED ON OLD TAX REGULATIONS

Returns lLess Returns to Period Present Period Average
Age Variable Cost Machinery Costs Value Returns Returns
(1 (2) (3 %) (5) (6) D)
1 42045,69 10049.69 26345,56 -15097.11 -16304.88 ~16304.88
2 43588.89 12215.14 8705.86 -12088.48 3509.27 - 6788.85
3 47099.29 13726.24 8765.04 - 8150,12 4961.20 - 3162.52
4 49970.59 14945.73 6917.38 - 2249.04 8028.34 - 679.03
5 53330.57 16054.36 9446.57 2248,10 6607.77 563.05
6 56803,63 17180.29 12298.23 5324.63 4882.06 1151.80
7 60391.73 18319.14 15476.28 6983.41 2842.86 1351.80
8 64089.48 19464.98 19391.79 7022.94 73.18 1222.10
9 67900.56 20617.79 23619.91 5521.13 - 3002.12 883.82
10 71826.38 21776.07 28035,53 2621.78 - 6259.46 390.72
11 75954.31 22994.13 33109.84 - 1716.68 -10115.72 - 240.47
12 80020.44 24090.70 38914.46 - 7603.41 ~14823.77 - 1008.93
13 84282.50 25234,99 45506,40 -15057.17 -20271.42 - 1905.06
14 88659.75 26369.45 52985.57 -24118.,93 -26616,12 - 2925,55
15 93152,13 27489.00 61463.30 -34829.07 -33974.31 - 4069.06
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The 1981 Act did increase the present value of the returns to
machinery by $16,416 over the returns in the model without taxes,
changing the present value of the machinery complement in the year

of replacement from negative to positive. The model simulation

(base solution) incorporating the 1981 Economic Recovery Tax Act also
increased the present value of returns to machinery $1,163 over the
model based on past tax regulations, however the optimal economic
replacement period did not change. This is illustrated graphically

in Figure 18.
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CHAPTER V

MODEL SIMULATION INCORPORATING VARIABLE

USAGE AND RANDOM RETURNS

The investment/disinvestment decision base solution and the
sensitivity test presented in Chapter IV were based on the assumptions
that forecasted costs and returns were known with perfect knowledge,
i.e. the probability of each variable was assumed to be one. However
in the real world this assumption is not true., The following
simulations incorporate variable machinery usage and random returns into
the replacement decision by the use of a random number generator to

produce probability distributions.
Assignment of Probabilities

Gross returns, repair and maintenance costs, and machinery salvage
values were allowed to vary in the simulations model by specifying
probabilities of the predictions and generating random numbers.
Probabilities for gross returns were estimated by utilizing information
about the mean and the standard error of the regression equation and
assuming a normal distribution about the mean. The projected return
from the forecasting equation in Chapter III was:assumed to be the mean
return. Using this method it was assumed that eleven returns were
possible. A probability of occurence was assigned to each return by

calculating z values zy and z,, representing plus and minus half the

9
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distance between returns and determining the area under the normal
curve for this interval.

The probabilities and percent of forecasted return for wheat
and grain sorghum are listed in Tables XXVII and XXVIII. Since the
normal distribution is symmetrical about the mean, the probabilities
for the lower half of the distribution are identical to those in the
upper half. The probabilities of all returns sum to one. The
replacement model assumes gross returns are independent from one
year to the next and that gross returns from Class I and Class II
land are dependent. Gross returns for wheat are assumed to be
independent with returns for grain sorghum. For example, in year omne
the model generates random numbers and selects a gross return for Class
I wheat and Class I grain sorghum according to the probabilities just
outlined; If the returns in this year estimated for Class I wheat are
.8 of the projected return for wheat and 1.18 times the projected
return for grain sorghum, returns for wheat grown on Class II land is
also 80 percent of the projected Class II return and returns for grain
sorghum grown on Class II land are 118 percent of the projected Class
II returns. The next year new random numbers are generated and returns
chosen based on the new random numbers.

The investment model also allows for varying repair and maintenance
cost and varying machinery salvage values. Because the mean and
standard deviation were not available for the Agricultural Engineer
repair and maintenance cost equations, the mean and standard error for
the variable cost equations were used in estimating probabilities. The
probabilities estimated for repair and maintenance cost are .44 that

cost are those determined by the Agricultural Engineer equation, .24



TABLE XXVITI

PROBABILITIES AND PERCENT OF FORECASTED
RETURN FOR WHEAT GROSS RETURNS/ACRE

Percent of Forecasted Return

0
20
40
60
80

100
120
140
160
180
200

Probability

.003
.015
.049
<117
.198
.236
.198
117
.049
.015
.003
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TABLE XXVITI

PROBABILITIES AND PERCENT OF FORECASTED
RETURN FOR GRAIN SORGUM GROSS

RETURNS /ACRE

Percent of Forecasted Return

10
28
46
64
82
100
118
136
154
172
190

Probability

.004
.018
.056
.120
.192
.220
.192
.120
.056
.018
.004
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probability that cost is eight percent higher than those estimated and
.04 probability that repair costs are 17 percent above the projected
cost., Likewise, the probability is .24 that costs may be 92 percent
and .04 that cost will be 83 percent of those projected in any given
year, The probabilities for salvage values assumed in this study

were .4 that salvage values will be as estimated, .3 that salvage values
will be 90 percent of that predicted, and .3 that salvage values will

be 110 percent of the predicted value in any given year.

The Random Number Generator

The random number generator RANF by Chandler (1970) of the
Oklahoma State University Computer Science Department was incorporated
in the machinery replacement model in order to simulate random returns,
cost, and variable machinery usage. This Fortran function subprogram
generates pseudo-random numbers, uniformly distributed on the interval
(0,1). The procedure which generates the numbers is a composite method
whereby the numbers from one generator are used to shuffle the numbers
from a second. This method is the most reliable known and has been
subjected to the test of randomness (Chandler, 1970). The generator

also passes the Chi-square test of randomness conducted by the author.

Variable Returns and Machinery Usage

The returns less variable cost and optimal planting strategy for
one simulation are shown in Table XXIX. Columns 2 through 5 give
returns less variable cost/acre based on the probabilities specified
and the random numbers generated in this simulation. Note that during

the 15 year planning horizon returns less variable cost/acre of wheat



TABLE XXIX

EXAMPLE OF VARIABLE RETURNS AND VARIABLE CROPPING

Net Returns Per Acre Acres Planted

Year  Wheatl WheatII Sorghuml SorghumlIl Wheatl  WheatII Sorghuml SorghumII Net Profit

(1) (2) (3) (4) (5) (6) (7) (8) (9 (10)
1 105.88 87.93 96.93 82.06 210.67 0 39.33 375.00 56892.18
2 121.39 102.89 5.88 1.90 250.00 54.35 0 0 35940.34
3 130.95 111.13 49.56 42.97 210.67 0 39.33 375.00 45651.90
4 -0.43 -7.50 98.31 87.21 0 0 250.00 165.38 39000.42
5 189.02 162.60 152.41 137.33 210.67 0 39.33 375.00 97313.06
6 121.88 101.78 7.70 3.01 250.00 54.35 0 0 36001.53
7 173.28 147.61 62.03 53.36 210.67 0 39.33 375.00 58953.76
8 93.99 75.82 122.10 109.15 209.62 0 40.38 375.00 65564.13
9 293.32 254.76 38.86 31.56 250.00 54.35 0 0 87176.81
10 5.08 -5.13 72.18 62.50 0 0 250.00 165.38 28382.23
11 222.18 189.77 207.53 189.04 210.67 0 39.33 375.00 125858.50
12 178.38 150.00 183.01 165.78 209.62 0 40.38 375.00 106950.10
13 309.30 267.16 227.85 207.65 210.67 0 39.33 375.00 151989.20
14 199.75 168.19 162.59 146.58 210.67 0 39.38 375.00 103443.30
15 344.42 297.71 51.03 42.05 250.00 54.35 0 0 102285.40
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produced on Class I land range from a high of 309.30 in period 13 to a
low of ~.43/acre in periqd four. Returns less variable cost/acre of
grain sorghum on Class I land has a high of 227.85 in period 14 and a
low of 5.88 in period two. Returns less variable cost for the farm
(column 10) ranged fom a high of $151,989 in period 13 to a low of
$28,382 in period 15. Returns will be different in each year and in
each simulation due to the random numbers generated.

Columns 6-9 give the optimal planting strategy determined by the
linear programming subsystem. The linear programming subsystem
determined optimal production for each period based on the random
returns generated for that period. Thus perfect knowledge was assumed
of the random returns in determining crop production while imperfect
knowledge was assumed in making machinery replacement decisionms.

Note how optimal planting changes in responce to the predicted returns
less variable cost. In periods two, six, nine, and 15 the acreage
shifts to wheat as much as the constraints allow due to the relatively
higher returns for wheat in these years. 1In periods four and 10 only
grain sorghum is produced., From 1960-81 grain sorghum was more
profitable in Northcental Oklahoma eight of the 21 years, while in
this simulation grain sorghum is projected to be more profitable to
produce than wheat in four of the 15 years. Table XXX illustrates the
variability in machinery usage that occurs when random returns are

generated.



TABLE XXX

MACHINERY USAGE BASED ON VARIABLE PROJECTED RETURNS

1981 1982 1983 1984 1985 1986 1987 1988
Tractor* 914.39 428.52 914.39 619.33 914.39 428.52 914,39 914.47
Tandum Disk 625 304.35 625 415.38 625 304.35 625 625
Moldboard Plow 625 304.35 625 415.38 625 304.35 625 625
Field Cultivator 210.67 304.35 210.67 0 210.67 304.35 210.67 209.62
Springtooth 1250 608.7 1250 830.76 1250 608.70 1250 1250
Drill 625 304.35 625 415,38 625 304.35 625 625
Row Cultivator 414 .33 0 414.33 415.38 414.33 0 414.33 415.38
Sprayer 414.33 0 414.33 415.38 414.33 0 414.33 415.38

T0T



TABLE XXX (Continued)

1989 1990 1991 1992 1993 1994 1995
Tractor 428.52 619.33 914.38 914.47 914.38 914.38 428.52
Tandum Disk 304.35 415.38 625 625 625 625 304.35
Moldboard Plow 304.35 415.38 625 625 625 625 304.35
Field Cultivator 304.35 0 210.67 209.62 210.67 210.67 304.35
Springtooth 608.70 830.76 1250 1250 1250 1250 .608.70
Drill 304.35 415.38 625 625 625 625 304.35
Row Cultivator 0 415.38 414.33 415.38 414.33 414.33 0
Sprayer 0 415.38 414,33 415.38 414.33 414 .33 0

% Usage given in hours for tractor and acres for implements.
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Machinery Investment/Disinvestment
Simulation Model with Variable

Usage and Random Returns

The simulation model based oun the probabilities and random number
generator was ran 100 times in order to deveiop and examine replacement
distributions., Several alternative replacement criteria are examined
due to the inability of the replacement model in determining the

economic optimum replacement period with stochastic returns.

A Simulation Example

Table XXXI shows one of the 100 model simulations based on random
gross returns, random repair costs, and random salvage values, Columm 3
shows fluctuating gross returns to machinery due to fluctuating gross
returns to production. Column 4 illustrates fluctuating machinery
ownership costs attributable to random repair and maintenance machinery
costs and fluctuating machinery market salvage wvalues., Column €& gives
the period net returns to machinery, Of importance is the fluctuating
net returns to machinery as the variables affecting the replacement
decision vary. Kletke (1969, p, 5) responds to this uncertainty of
returns to machinery in his replacement study based upon cost analysis
in stating, ''Developing a realistic replacement model is hampered, not
by whether or not machinery will be needed, but by the inability to
anticipate accurately future cest and returns.'

Applying the investment/disinvestment decision criteria strictly
as outlined in Chapter II in this simulation results in replacing the

machinery complement at the end of the third period. This is because



TABLE XXXI

A REPLACEMENT MODEL SIMULATION INCORPORATING RANDOM RETURNS TO MACHINERY

Returns Less Returns to Period Present Period Average
Age Variable Cost Machlinery GCosts Value Returns Returns
1) (2) 3) - 4 (3) (6) )
1 44953.85 11996.85 28827.07 -15583.55 -16830.23 -16830.23
2 54379.77 23293.02 5995.08 - 793.35 17297.93 - 422.45
3 41649.68 10098.62 4572.74 3633.27 5525.87 1409.83
4 33682.49 4085.63 5858.04 2330.48 - 1772.42 703.62
5 98755.00 46345.79 5054.02 30432.91 41291.66 7122.12°
6 109051.00 52015.72 14484.21 54084.09 37531.41 11699.21
7 70842.00 25286.41 12266.60 61681.02 13019.80 11847.21
8 48577.41 14553.91 14090.67 61931.28 . 463.23 10776.96
9 87604.13 36135.36 18157.05 70924 .88 17978.23 11353.64
10 96249.06 38067.76 27156.49 75989.88 ' 10911.20 11323.09
11 98712.81 38167.63 26775.26 80864 .75 11392.19 11327.23
12 56031.77 8107.03 37176.52 69320.81 -29069.50 9198.52
13 76656 .00 27083.49 27934.13 69008.00 - 850.65 8731.02
14 103443.30 36225.13 41967.07 67053.06 - 5741.95 8133.32
15 77682.19 17174.04 54698.16 55223.88 -37524.13 6451.78

70T
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period.returns of -1772.42 in year four (column 6) are less than the
annualized average returns (colum 7) of 703.62. However, examining
the annualized average returns, returns do not reach a maximum until
period seven with a figure of $11847.21., This inaccuracy occurs because
of the violations of the assumptions made in developing the analytical
replacement model when returns to machinery are stochastic. If returns
are low in an early period of the machinery's projected life, the
theoretical model may replace the machinery early not accounting for the
condition with stochastic returns that later returns may increase and
actually increase the annualized average from that of earlier periods.
A question arises with stochastic returns incorporated into the
model as to why the marginal returns (period returns) are compared to
the annualized averages in column 7. Why not evaluate the annualized
average directly and look for the period when the average returns are
the highest? The reason this is not done is that while the model
developed is a long-run model with returns projected until 1995, the
machinery investment/disinvestment decision is a decision which must be
made yearly. A farmer does not purchase machinery in 1981 and decide
in 1981 when that machinery is going to be replaced., The decision is
made each production period based on past returns to machinery and the
projected returns and requirements for the following periods. Thus the
comparison must be made at the end of each period n whether to keep or
replace the machinery according to the projected returns the following

periods.

Moving Averages of the Period Returns

A possible method for improving the forecasting accuracy of the
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analytical model with stochastic returns is to compute a moving average
of the period (marginal) returns and compare this average to the
annualized average returns. 100 simulations of the investment/
disinvestment decision model incorporating variable usage and random
returns were estimated. Five replacement criteria were tested in each
simulation. Along with comparing the marginal returns to the annualized
average, a comparison of a three-year, four-year, five-year, and six-
vear moving average of period returns to the annualized average was
made.

Table XXXII shows the period returns, three-year, four-year,
five-year, and six-year moving average of the returns and the annualized
average for one of the 100 simulations, Of interest is the way the
moving averages smooth the fluctuations and delay the investment/
disinvestment decision. 1In this particular simulation, the marginal
criterion replaces the machinery at the end of period three, the three-
vear moving average replaces after period eight, the four-year after
period nine, the five-year after period ten, and the six-vear at the
end of period 11. The maximum annualized average occurs in period
seven, Thus in this simulation the marginal criterion replaces four
vears early with a reduction in average returns of $11,143.38, the

three-vear moving average replaces one period lacer with a reduction of

(V3]

]

O

,070.25, the four-vear moving average two vears later with a reduction
of $£493.36, the five-vear moving average three periods later with a
reduction of $524 in average returns and the six-vear moving average
raplaces with a reducticn in annualized returns of $520. Thus the four-

year moving average comes the closest in achieving the economic cptimum

in this example.



TABLE XXXII

COMPARISON OF REPLACEMENT CRITERIA FOR ONE SIMULATION

Year Period Three-Year Four-Year Five-Year Six-Year Average
Returns Moving Average Moving Average Moving Average Moving Average Returns
of Period of Period of Period of Period
Returns Returns Returns Returns

(1) (2) (3) (4) (5) (6) (7)
1 -16830.23 - - - - -16830.23
2 17297.93 - - - - ~ 422.45
3 5525.87 1997.86 - - - 1409.83
4 - 1772.42 7017.13 1055.29 - - 703.62
5 41291.66 15015.04 15585.76 9102.56 - 7622.12
6 37351.41 25683.54 20644.11 19974.86 13840.68 11699.21
7 13019.80 30614.27 22517.59 19119.23 18815.68 11847.21
8 463.23 17004.81 23076.52 18106.72 16009.91 10776.96
9 17978.23 10487.09 17248.16 22056.85 18085.30 11353.64
10 10911.20 9784.22 10593.11 15980.76 20199.24 11323.09
11 11392.19 13427.21 10186.21 10752.93 15216.01 11327.23
12 -29069.50 - 2255.37 2803.03 2355.07 4115.86 9198.52
13 - 850.65 - 6175.98 - 1904.19 2072.29 1804.12 8731.02
14 -~ 5741.95 -11887.36 - 6067.48 - 2671.74 769.92 8133.32
15 -37524.13 -14705.58 -18296.55 -12358.80 -8480.46 6451.78

LOT
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Results of Simulation

As stated, 100 simulations incorporating random returns and
variable usage were estimated. The five replacement critera were tested
in each simulation. A summary of the statistical results of the 100
simulations are as follows.

Table XXXIV in Appendix A gives the simulation number and the
optimal economic life as determined by each replacement criterion.
Cumulative distribution tables for each criterion are given in Figures
19 through 23, Statistical information concerning each distribution
are the following.

The marginal criterion (Figure 19) based on the 100 simulations has
a mean replacement period of 3.97, a median of 5.5, and a mode of 5.
The standard error is 2.3288.

The three-year moving average criterion (Figure 20) results in a
mean replacement of 6.79, a median of 7.5 and a mode of seven. The
standard error was 2.85.

The four-year criterion produced a mean of 8,26 years, a median of
8.5 and a replacement mode of eight. The standard error was 2.6116
(Figure 21).

The five-year criterion selection (Figure 22) results in a
distribution mean of 9.65 years, a median of 9.5, and a mode of nine.
The standard error was estimated to be 2.524.

Concluding, the six-~year moving average criterion (Figure 23)
resulted in a mean, mode, and median of ten years. The standard error

was 2.51.
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Selecting a Replacement Criterion

The procedure used in selecting the optimal replacement criterion
based on the 100 simulations estimated in this study is explained below.
The annualized average in the year of disposition recommended by each
of the five replacement criterion was recorded for the 100 simulations.
The annualized averages were summed and divided by 100 resulting in an
"average' annualized return for each of the distributions discussed in
the preceding section. The replacement criterion which resulted in the
highest annualized average was judged to be the optimal replacement
criterion with random returns.

The marginal criterion produced a total annualized average for the
100 runs of $216,818.00. Dividing the the 100 runs results in an
average for the distribution of $2168.88. The three-year moving average
resulting in an average of $3560.28, the four-year of $3791.74, the
five-year of $3733.93 and the six-year of $3543.28. Thus using the
four-year moving average of period returns criterion resulted in the
highest annualized average returns in the year of replacement and is
judged to be the optimal replacement criterion based on this sample.
However, it should be noted that there is very little difference in lost
returns from using the other moving averages and all were found to be
superior to the marginal criterion in selecting the optimum replacement

period with random returns to machinery.
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CHAPTER VI
STMMARY AND CONCLUSIONS

The main objective of this study was to empirically test a
durable investment/disinvestment model develcopzd by Robison (1980).
Other objectives include: (1) To project returns to machinery for
a hypothetical farm in Northcentral Nklahoma for the period 1981 to
1995, (2) To incorporate the new tax regulations from the 1981
Eccnomic Recovery Tax Act into the investment/disinvestment model,
(3) To determine the effects of changes in various parameters and
econonic conditions on the replacement model, and (4) to analyze
the effects of uncertainty on the replacement model and test several
replacement criteria for determining optimal investment/disinvestment
with stochastic returns.

An understanding of economic resource theory and analytical
replacement models is a necessary precursor for performing sound
empirical investment/disinvestment analysis. The literature review
begins with a presentation of resource theory by Leftwich {(1980)
which ties in how the investment and producticn decisions made by
other firms in the industry affect the market demand faced by an
individual firm. Fized asset theory by Johnson (1971) and cothers is
critiqued next. This theory examines the acquisition and disposal
of resources based on the divergence between acquisition and salvage

prices. Following this is the examination of a theoretical rzplacement
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model by Faris (1960) based on net returns to machinery, The criterion
for replacement of assets with revenues being realized throughout the
life of the asset is when marginal net revenue from the present
enterprise equals the highest amcrtized present value of anticipated
net revenue from the following enterprise.

Baquet (1980) develops a theoretical model in which both durable
assets and the flow of services from the durable are inputs in a
vertically integrated production process. This allows for varying
extraction rates in determining the optimal amount of services
extracted from the durable in each production period.

The literature review concludes with a presentation of a
classification of the costs associated with the ownership of a durable
and an investment/disinvestment model by Robison (1980). Machinery
ownership costs incorporated in the investment/disinvestment model
include: (1) time depreciation costs which equal the change in salvage
value attributable to changes in demand for the durable and/or output
produced from the durable's services, (2) direct user costs which
equal the change in salvage value associated with using up services
of the durable, (3) control time costs which equal the change in salvage
value resulting from the passage of time, and (4) control costs which
represent the opportunity cost of controlling the asset. The
replacement model developed by Robison used in this study assumes the
economic life of future durables is identical to the first and compares
marginal returns in each period to annualized average returns. The
optimal economic life is the point in time when marginal returns are
no longer greater than the amortized average returns.

A systems model was developed to test the investment/disinvestment
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decision model. A linear programming subsystem determines the optimal
crop production given projected returns less variable cost/acre. After
determining machinery usage each year from the linear programming
subsystem and Oklahoma State Enterprise Budget guidelines, durable asset
ownership costs are computed using the 1980 American Agricultural
Engineer Yearbook equations and durable ownership costs guidelines
explained by Robison (1980). Tax considerations for the ownership of
machinery based on the 1981 Economic Recovery Tax Act are estimated in
the model and returns to machinery are separated from the other fixed
factors of production. The net returns to machinery for each period in
the planning horizon are estimated and the optimal investment/
disinvestment decision for the machinery complement is determined.

The following summarizes the simulations conducted in this study.

Table XXXIII presents a lising of the results of the simulations.

A hypothetical farm in Northcental Oklahoma consisting of 625
acres was used in analyzing the replacement model., Wheat and grain
sorghum were the two crop alternatives. Gross returns and variable
osts/acre were estimated based on 1950-1981 data with yvear and year
squared the independent wvariables.

For income tax purposes the accrual method in which all items of
gross income from the farming operation and farm business expenses are
included in the tax year in which they are incurred, regardless of when
payment is received or paid is used. A calender year represents a tax
year. A farmer and his wife with two children were assumed to file a
joint return in computing tax considerations. The standard depreciation
period of five years under the 1981 Economic Recovery Tax Act was chosen

in depreciating the machinery complement and a ten percent investment



TABLE XXXITI

SUMMARY OF REPLACEMENT MODEL SIMULATION RESULTS

Simmulation

Optimal Economic Replacement Period

Base Solution

Lower Returns Generated
throughout projected lifetime

Higher Returns Generated
throughout projected lifetime

Addition of 100 acres cropland
Reduction of 100 acres cropland
Blue Book Salvage Values

50 percent reduction in
estimated repair and maintenance
cost throughout projected lifetime

25 percent reduction in
estimated repair and maintenance
cost throughout projected lifetime

50 percent increase in
estimated repair and maintenance
cost throughout projected lifetime

100 percent increase in estimated
repair and maintenance cost
throughout projected lifetime

Model without tax considerations

Model based on old tax regulations
(prior to 1981 Recovery Tax Act)

Model based on 1981 Economic Recovery
Tax Act (Base Soluticn)

Four-year moving average of period
returns criteria incorporating
random returns and variable usage
of machinery (100 simulations)

a., Mean
b. Median
c. Mode
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credit was taken in the year of acquisition of the machinery complement.
In the base solution due to the nature of the projected returns
the profit-maximizing solution determined by the linear programming
system for the 15 year planning horizon was 210 acres of wheat on
Class I land, 39.33 acres of grain sorghum on Class I land and 375
acres of grain sorghum on Class II land. By comparing the marginal
returns to the multi-period gain function (amortized average) an
economic life of seven years was determined for the machinery complement.
To determine the effect of gross returns on the investment/
disinvestment decision two different forecasting procedures other
than that used in the base solution were incorporated into the
replacement model. A forecasting procedure using 1970-81 data
based on a trend model with later observations weighted heavier than
earlier observations generated lower net returns to machinery throughout
the planning horizon which reduced the economic life of the machinery
complement to five years. A forecasting method using a simple linear
regression based on 1976-8l data resulted in greater returns to
machinery than the base solution. With greater net returns throughout
the projected life the economic life of the machinery complement
increased to eight years.
The next parameter affecting the replacement decision examined
was farm size. Farm size was increased and decreased by 100 acres.
A 100 acre increase in farm size decreased the economic life of the
machinery to six years while a decrease of 100 acres increased the
economic life to nine years. An increase in farr size decreases the
economic life of the machinery complement because of the decrease in

returns in later years due to the higher repair and maintenance cost
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attributable to increased machinery usage. A decrease in farm size
has the opposite effect in that returns in later years are increased
due to lower repair and maintenance cost.

Salvage values were reestimated based on 1980 Machinery Blue
Book values. Although the replacement period did not change, the
model illustrated how machinery appreciation may actually decrease
ownership cost as the machinery ages due to zero or negative time
depreciation cost.

Repair and maintenance costs are one of the largest costs
associated with the ownership of farm machinery. Repair costs of 50,
75, 150, and 200 percent of those estimated in the base solution were
computed and incorporated in the model to reflect the large range of
possible repair costs., A 50 percent reduction in repair costs increased
the economic life to ten years and a 75 percent reduction increased the
economic life to eight years. An increase in repair cost of both 150
and 200 percent decreased the economic life of the machinery complement
to five years,

The final sensitivity test performed was the evaluation of the
effects of the 1981 Economic Recovery Tax Act on the replacement
decision, Dropping taxes from the model resulted in an increase from
seven to eight years in the economic life of the machinery complement.
Although the 1981 Economic Recovery Tax Act increased the present value
of the returns to machinery $16,416 over the model without taxes and
by $l;l63 over the model based on past tax regulations and tables, an
economic life of seven years was determined under both tax policies.
Therefore in this instance, the 1981 Economic Recovery Tax Act

increased returns due to the investment of machinery; however, failed
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to decrease the economic life of the machinery complement and encourage
increased investment.

The investment/disinvestment decision and sensitivity test
discussed to this point assumed costs and returns were known with
perfect knowledge. The model simulations in Chapter V incorporated
variable machinery usage and random returns in the replacement decision
by the use of a random number generator in order to produce probability
distributions. Gross returns, repair and maintenance costs, and
salvage values were allowed to vary by specifying probabilities of
the prediction and generating random numbers. The simulation model
based on probabilities and the random number generator was ran 100 times
and several alternative replacement criteria were examined. Along with
comparing the marginal returns to the annualized average the comparison
of a three-year, four-year, five-year, and six-year moving average of
period returns to the annualized average returns was made. Using
maximum annualized average returns as a judging criterion the four-year
moving average of period returns with a mean replacemént period of
8.26, a median of 8.5, a mode of eight, and a standard error of 2.6 was
judged to be the best replacement criterion of those tested in
determining replacement with stochastic returns to machinery. However
use of any of the other moving averages tested would result in very
little difference in lost returns and all moving averages were judged to
be superior in maximizing returns to machinery than the marginal

crierion when returns to machinery are random.
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Limitations and Need for Further Research

To make the durable machinery investment/disinvestment model more
useful and realistic the following suggestions are made:

(1). The tractor and complements in this study were treated as a
single unit when analyzing replacement. Further theoretical
developments are needed to separate the gains attributable to each
durable and to inputs used in conjunction with the durable,

(2). Replacement criteria assumed the machinery complement would
be replaced with an identical unit with identical net returns over time.
Criteria is needed in other cases such as technological improvements in
the current complement or a completely different type of machinery.

(3). Further empirical investigation is needed in developing the
replacement model by applying the investment/disinvestment framework to
different farms, machinery, crops, etc.

(4). Better forecasting techniques need to be developed in
forecasting future returns to machinery and in dealing with uncertainty.
A possible area of research would be the use of Bayesian analysis in
which marketing and farm management specialist could be surveyed for
subjective probabilities as to future machinery costs and returns.

(5). In all simulations made in this study the linear programming
subsystem determined optimal production given the predicted returns
and cost for that vear. Effects of non-optimal production decisions
on the machinery replacement decision should be examined.

In conclusion, the empirical investment/disinvestment model
developed in this study contributes to the understanding and development

of durable resource theory and increases the knowledge of the
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interaction among costs associated with the ownership of durables and
the effects of changes in various parameters on the investment/

disinvestment decision.
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TABLE XXXIV

SIMULATION AND OPTIMAL ECONOMIC LIFE DETERMINED
BY EACH REPLACEMENT CRITERION

Simulation Marginal Three-Year Four-Year Five-Year Six-Year

Number Returns Moving Moving Moving Moving
Average Average Average Average
1 2 10 11 11 11
2 2 11 14 13 14
3 4 10 11 11 13
4 5 6 12 12 10
5 5 7 8 9 10
6 9 10 11 12 12
7 9 11 11 13 13
8 4 6 7 8 8
9 3 10 11 12 11
10 1 3 3 13 13
11 5 6 6 7 8
12 1 3 11 N.R. N.R.
13 4 10 11 12 13
14 6 7 8 11 11
15 2 2 9 10 10
16 4 5 7 8 8
17 1 3 3 6
18 7 7 8 8 8
19 1 8 10 10 10
20 4 4 5 4 7
21 5 5 6 8 10
22 1 2 8 N.R N.R.
23 2 4 5 6 7
24 1 2 11 11 13
25 2 4 10 11 12
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TABLE XXXIV (Continued)

Simulation Marginal Three-Year Four-Year  Five-Year Six-Year

Number Returns Moving Moving Moving Moving
Average Average Average Average

26 7 8 8 9 9
27 3 7 7 7 8
28 6 8 8 9 10
29 2 4 5 4 5
30 3 9 10 11 11
31 5 6 7 8 9
32 5 7 8 8 9
33 5 8 9 9
34 6 7 8 9 10
35 10 10 11 12 13
36 1 2 9 9 9
37 7 8 9 10 10
38 3 13 13 14 13
39 3 5 5 6 5
40 4 10 11 12 12
41 4 9 9 10 9
42 5 9 10 9 10
43 2 8 8 9 10
44 5 5 5 6 5
45 8 8 9 10 11
46 2 2 3 4 7
47 2 2 7 9
48 5 6 7

49 1 2 8 8 10
50 3 5 3 12 11



TABLE XXXIV (Continued)

130

Simulation
Number

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75

Marginal
Returns

U 9N O YW H U W N DD W KHF U LU uPn B H 9 8~ 00 U Vw U u

Three-Year
Moving
Average

5

' o
©® NN N O BN WV W ® N

=
o O

11
11
10

Four-Year
Moving
Average

5

12
12

11

w 00 N N U B~ VW

12
11
10

12
12
10

Five-Year
Moving
Average

6

13
13
10

7
11
11

w O 0 0 H~ W

12
13
10
12

13
12
10

5
9
14
14
11
8
11
12

10
12

13
11
12
10
10
14
13
11

10

Six-Year
Moving
Average
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TABLE XXXIV (Continued)

Simulation Marginal Three~Year  Four~Year Five-Year Six-Year

Number Returns Moving Moving Moving Moving
Average Average Average Average
76 2 8 9 9 9
77 2 2 3 9
78 4 9 10 N.R. 9
79 3 7 6 8
80 3 10 11 13 13
81 6 7 8 9 10
82 7 8 10 10 10
83 2 2 5 12 5
84 2 2 6 6
85 1 2 8 9 9
86 9 11 12 13 14
87 5 7 7 9 9
88 6 7 8 9 10
89 3 5 6 7 7
90 1 12 12 13 14
91 5 11 11 11 11
92 4 6 7 8 8
93 5 7 9 9 N.R.
94 1 8 8 10
95 3 7 8 8 8
96 4 5 5 12 5
97 8 9 9 10 10
98 2 10 11 12 13
99 2 8 3 10 10
100 3 8 9 10 11

*# N.R. implies that the economic life was not reached in the 15
year planning horizon.
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The investment/disinvestment Fortran Watfiv program developed
for this study is shown in Table XXXIII. The model as listed is that
used in generating machinery investment/disinvestment distributions
based on random numbers and probabilities. Statement 15 loops the
entire program the number of times specified by the programmer.
Statement 97 rewinds the data file so that the program may begin
another loop. If the investment program is looped the input data
must be placed in a file and run using TSO.

Whether on TSO file or computer cards the input is typed using
the same procedure. First the linear programming matrix must be
defined as specified in the subroutine LPSUB. It is very important
to define the linear programming matrix as specified by the arguements
beginning with statement 212. Each A(I,J), B(X) should be typed
with decimal point in a ten-column field beginning at column one.
Next, gross returns/acre GRET and variable cost of production/acre
VCO are inputed in according to statements 271-272. On each card or
line the gross returns/acre is typed in column one through ten and
variable cost/acre in columns 11 through 20. Numerals should be typed
with decimal points.

The next variable to be typed is IASST, the number of assets
included in the machinery complement. This variable is typed right
justified without decimal point in columns one through three according
to statements 31-32.

Proceeding, the next card or line contains the variables RATE,
MLIFE,PNEW,TOTLF, and IEQ. RATE is the specified discount rate, MLIFE
the desired length of planning horizon, PNEW the purchase price of an

asset, TOTLF the estimated physical life of the asset, and IEQ the
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machinery engineering code. The typing specifications for these
variables are given in program statement 36.

The last variable to be inputed is the machinery salvage price
as specified in statements 77-78. The prices should be typed in six-
column fields beginning at column one including decimal points.

The first common block of the investment routine reads in the
variables inputed into the prcgram and calls the other subroutines.
The sequence is as follows: statements 16-28 initialize many of the
variables setting them equal to zero. Statement 30 calls the linear
programming subroutine which begins at statement 212. Subroutine
LPSUB begins with directions for defining the dimensions of the
linear programming matrix. Statement 269 initialized the random
number generator. The random number generator RANF is a Fortran
subprogram by Chandler (1972) of the Oklahoma State University
Computer Science Department. This function generates pseudo-
random numbers uniformily distributed on the interval (0,1). It
uses the most reliable method known to generate random numbers with a
computer and generally passes all known tests of randomness.

Statements 273-294 assign gross returns based on the probabilities
specified and the random number generated. Statement 302 calls the
ZX3LP subroutine. The ZX3LP subroutine is an IMSL Fortran subroutine
which solves the linear program problem via a revised simplex algorithm.
The output generated by the linear programming subroutine is Z, C(Z),
PSOL(Z), and S. Respectively, these variables represent year, net
returns per acre for each crop, the optimal acreage to be planted of
each crop, and the value of the objective function.

Following the LPSUB routine the program returns to statement 31.
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After reading in variables, statements 37-76 compute annual machinery
usage based on the optimal acreage planted as determined by the LPSUB
routine.

The program next calls the repair and maintenance cost subroutine.
(Statement 79). Subroutine CALC begins at statement 324. Machinery
repair and maintenance cost are computed based on TAR equations and

IEQ codes reported in the 1980 A.S.A.E. Yearbook.

Upon the completion of calculating machinery annual usage and
repair and maintenance cost for each implement, statement 94 calls the
investment/disinvestment subroutine which begins at statement 101.
Statements 175-178 call the appropriate tax subroutine which calculates
the tax savings due to the machinery investment. The investment/
disinvestment subroutine calculates net returns to machinery and
outputs the necessary information to determine the optimal investment/

disinvestment decision as outlined in Chapters II and III.
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TABLE XXXV

INVESTMENT/DISINVESTMENT COMPUTER PROGRAM

(PR SN o

e e kRl i el K K s e N s K X e X2 ) nnnnnnnnnnnnnnnnn’nnn&

o
-]

MAJOR YARIABLES

TER = INTEREST CHARGSS 0N MACIINERY PER PERIOCD

TAS = TAX SAYINGS ATTCIEUTASLI TO MACHIMERY [NVESTMENT
(DOES NOT INCLUCE TAX CREDIT)

EXEM = TAX EXZMPTLONS $5§

MAN = TOTAL MANAGEMENT CHARGES

QVER = TOTAL OVERHEAD CHARGES

TPS(Z) = TAX DEPRECIATION DEDUCTIOWS FOR 3USINESS PROPERTY

TAXCR = TAX CREDIT FCOT MACHINERY INVESTMENT

RANF = RANDOM HUMBER GENERATOR

ZCON = CONTROL COST REIFLECTED 8Y SALVAGE VALUE *
DISCOUNT RATE

TAXES = TAXES ON MACHINERY PER PERIOD
PRICS = SALVAGE PRICT OF ASSET
RPOLY = MULTI-PZRIOD RATN FUNCTIOR

SYRC = PRESENT VALUE OF SUMMATION OF RETURNS

ABCST = PERIOD COST OF MACHINERY COMPLIMENT

SUR = INSUGRAYCE COST ON MACHIMERY PER PERIOD

MLIFE DESIRED LENGTE CF PLANNING HCRIZON

PCSED 21 X 1 ARRAY OF 4KT VALUSS FOR THE USED ASSET

2YEW = PN2CHASE PRICZ OF THZ ASSE?

IASST = NUM2ESR OF ASSETS TO 22 PRCCESSED PER RUN

YRUSE = 21X1 ARRAY USTD TC REFLICT VARYING USZ SALVAGE VALUES

‘yCOST 21X1 ARRAY USID TO REFLECT VARYING USE JPERATING COSTS
2GR0 = GROSS RETURKRS TO MACHINERY

RNET = NET RETURNS T0 MACHINERY

RTRN = GROSS RETURYNS

RATE = DISCOUNT RATE

LAND(I) = PETURNS ALLCCATED TO LAND

MAR(I) = RETURNS CHAFCED TO MANAGEMENT

OVER(I) = RETURYS CHARGED TC OVERAHEAD

LPST8 = FORTRAN LINEAF PROGRAMMING SUBRGUTINE

ZXZ = TOTAL OVERHZIAD, VYANAGEWEINT, LAND CPARGES

TOTLY = ISTIMATED TOTAL HCURS JF PYYSICAL LIFE OF ASSET

IFQ = AGIICULTURAL EXGINEER MACHINERY COrLE

ANUSE(I) = ANMOUAL USASE(HOURS FOR TRACTORS, ACRES FOR
OTHER MACIINERY)

OV = $9.09, 1991 OVEPFIEAD CHARGE FOR N.C. OKLAHJOMA .

FYT = ANTCAL PROJECTSED INFLATION RATE FOP OVEREEAD CHARGES

YYY = TOTAL TAXES, INSURANCE,INTEREST, AND ACQUITITION COST

FOR A GIVEN YEAR
YEAC.

CLAT = TOTAL ACRES OF CLASS I LAND

CLAII = TCTAL ACRES QOF CLASS II LAND

TAC = TOTAL PLANTABLES ACRES

GRET = GROSS RETURNS (PRICE * YISLD)/ACRE

9C0 = TAPRIAZLE COST & PRODUCTION/ACRE

GRE(Z) = TOTAL GROSS PETURNS

vC(Z) = TOTAL VARIABLZ COsT

C(L) = NST RETURNS OF FARM.

TAP(Z) = OPTIMAL TOTAL PLANTED ACRES/YEAF.
TWP(Z) = OPTIMAL TCTAL WHEAT ACRES/YEAR.
TSP(2) =

OPTIMAL TOTAL GRAIN SURGHUM ACRES/YEAR.

covvay YLIFE,QATE,PTPY(21),00ST(21),PUSED(21),PNET
CQ¥M0N VRUSE(21),VCCST(21),A%USE(21),TGTLF,OLIST
CGw»0OY 1:2Q,PRICE(21),7COST(21),TER(21),SAL(21)
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1000

aan

2009

Uy TA,N8,41,42,182,1,4,5,L,2,S

cguMoN

COuMOY LAND(21),¥AN(21)

COMMOY TAP(21),TSP(21),TWP(21),TRAC(21),

GRET,VC0,GRE(21),7C(21),TAC

LA
LAl

D(21),MCLC(ZL)

CO¥MOE SIEC(21),SPRIN(21),RILL(21),RCUL(21),3P2A(21)

COMMON
CoMMON
comMMoN
COuUMON

TPS(21),TIN,TEN,EXEY

QA,PB,PC,PD,PE,PF,PG,PH,PL,PJ

TAS,TA,PA
TAXCR(21)

INTEGER G
REAL A
D0 6437 G=1,2
DO § 1=1,21
RTRACI) = 0.0
PRICE(T)
PUSED(I)
VRUSE(IL)
VCasT(ID)
TER(I) = 0.
SAL(I) = 0.
LARD(I) =2
HANM(I) = D.
TPE(I) = 0.
TAXCR(I)
CoNTINCE
oLIST = 0.0
CALL LI"sSJUB

QEAD(9,1000)IASST

FORMAT(II)

NPUT "us FIRST 20 PRODUCTION PERIOND DATA

popat

20 10 v=1,IASS
22AD(5,2000)RA
2LIST = DJLIST

T

IR

+

ol

£

TOPWAT(FE.2,3X,12,5%,2FL

IF(122.22.2)50
IF(IFR.E£G.4)50
IF(TEQ.E£C.5)50
IF(IEQ.EQ.6)53
IF(I5Q.E2.7)G0
IF(IS2.53.8)G0
IF(IE%.249.9)6G0
30 14 I=1,4LIF
ANUSE(I) =
CONTINTE

G0 0 777
20 34 T=1,VYLIF
ANUSE(I)
COnTIVIE

50 10 777

IF(PYEY.2Q.3500)GO

20 42 I=1,uLIF

ANUSE(I) = TAND(I)

CoNTINCE

Gn 10 777

"o 24 I=1,vL1
”

ANUSE(D)

€

£

Aol
&

T0
¢
70
TQ
TC
TO
TC

TRAC(I)

= HCLO(I)

3
47
€7
67
77
87

MLISS, PNZIW, TOTLE,
e
aZ A

0.2,3%,12)
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£9 24 COYTINTE
60 5C 10 777
31 7 oG S4 I=1,MLIFZ
52 ANDSE(T) = FIZC(I)
63 54 CONTINTE
64 50 0 777
65 67 DO 64 1=1,MLIFE
66 ANUSE(I) = RILL(I)
67 64 COWTINUE
68 30 T0 777
69 77 26 74 I=1,4LIFE
70 ANUSE(I) = RCUL(I)
71 74 CONTINTE
72 50 tC 777
73 87 00 84 I=l,MLIFE
T4 ANUSE(T) = SPRACD
75 34 COMTINTE,
76 50 Tg 777
77 777 ?3AD(9,3000)(?QICE(K)4K=1,MLIFS)
78 3C00 FORMAT(1IF6.2)
c
< CALL VARTIA3LE CCOST CALCULATING SU9SQUTINE
79 caLl CiLC
20 26 10 J=1,21
31 7C0ST(J) = VCCST(J) + TCCST(J)
32 VROSES(J) = YROUSE(J) + PRICZ(J)
c
83 10 CONTINTE
24 Do 931 J=1,21
8s A = 2AUF(0)
36 IF(1.LE. .04) ¥COST(J) = vCOST(J) * .83
27 IF(AeGTe e 042AND.A0LELL23) 7CaST(J)=YC0ST(J)*.91
23 IF(AeSTe 724 AMD0 AaLE.L%6) yCOST(J)=YCOST(J)*1.03
29 IF(A.GT..96) TCAST(J) = g€0ST(J) * 1.17
30 A = RANF (D)
21 IF(A.LT.3) VRUSE(J) = VRUST(J) * .9
G2 IT(L.0Tee7) VRUSE(J) = TRUSE(J) * 1.1
33 931 CCHTINUE
~
c
c
C
c CALL ST3R0UTINE FOR VARTAZLE YSSAGE PSR BZIRIOD JPTIMIZATION
~
54 CALL 97S7
95 JEITE(S,3500)
36 3500 TORMAT(LIL)
37 RERIND 9
S8 6437 CCUTINTE
29 sTeP
0o jase
C PPTTTEIER LSS 24 0 0 0 Al I TR 2 22222 R 82 A4 PP TP E R PP IR R S R AL TETERNN®
101 SU2ROUTINE VUSE

AOaN

7UST ST2I0UTINE OPTIMIZIS ASSET I[YVESTHINT FOR VARYING USE ZACH
poOLTCTION FERIOD



TABLE XXXV (Coninued)

182
103
iCa
105
106
107
108
1c9
110
111
112

113

1.4
11s
1i6
117
118

19
ha

1T

La
T~
-

122
123
124
12

126

n
La

128
129
1390
131
132
133
24
138
136
137
138
139
140
141
142
143
144
145
146
147
143
149
%9
151
1<

153
154

.
-~

aQOaaaaaan

70

2437

cocuMoN
CoMvugn
COwuCX
COMNON
cgomugn
coMMQY
COMMON
COMVCN
COMMON
COMMON
couMoN
CoMNOY
2EAL OV
QEAL °¥
2EAL
REAL IC
REAL RN
INTEGER

INITIAL

TCHNC I
CoV8 =

CONTIND
ZCON(1)
00 8487
QFH“((‘)
coyTINUE
TAXES =
TCHNG =
v = 9.
2L M3
rcssT

vG
og
21 ac
DJ 10
TPE(L)
TPE(2)
TPE(2)
TPE(4)
"DC.‘(C)
SXEV =
gl'lﬂ(l)
RNAT(2]

2
9

[ T I T | I T I T T I T Il
~
O

HLIFZ,?ATE,RT. 1(21),C0S7(21),PUSIT(21)

YRUSS(21),VCCS (’1),A'us (21),7T0TLF,CLIST

12Q,PPICE(21),7C0ST(21),T2R(21),SAL(22
I8, 4,41,42,123,1,J,4,L,2,8

GRET,7C0,G6RS(21),YC(21),7TA

LAND(21),¥AM(21)
xAP(Zl):TSP(zl)I‘WP(zl),TRAC(21);TA D(21),M4CLD2((21)
TIEC(21),SPRIN(21),RILL(21),RCUL(21),SPRA(21)

v?rczl),rxx,r:",?xz-

QA,P8,PC,20,PE,PF,PG,P4,PI,PJd

TAS,TA,PA

TAXCR(21)

I

RSRO

an(3L)
0T(21),RMAT(21)

-~
3

IZZ VARIABLZS FOF 2EGIYNING OF J2TIMIZATION 20CCESS

S THZ CHAMGE IT ASSET ViLUZT P=2 P2CIUCTION PE
DpuMMY YARTAZLT TOR COYTINUQS AMALYSIS CIVP A7

9]

E
= DLIST * 2AT
G=2,4LIFZ
= TRUSZ(G-1) * PATE

i
.01 = DLIST
OLIST

20

) = .1 = CLIST

520,

2400,

.15 * OLIST
.22 * DLIS

«21 * JLIST
.21 ¢ OLIS‘
«21 * DLIST
5004.

= 999999999931,
999299997997,

139
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TABLE XXXV (Continued)

P ra
wn
~ o

159

P s b be b A pa e bd A s e )
WO U WM W LI D 0 QM

P s e s
(Yo IRy JEVe JVe |
(¥ B PSRNV |

196
197
163

Gaan

[* N e Xx]

e Xe X!

360389
3000

WRITZ(5,3000)

FORMAT(14H1)

WRITE(S,200Q0)

FOPMAT( 1=, T42 ' 0CISCY DURASBLE DISTNTISTUENT ANALYSISt,///* ‘1
lT2,'AGu +T11,*RETURNS LSS, 726, RETURNS TO,T40,*'PERLIOD',TS2,!
2sgnre '63,'°EQIDD RETIRYS® 789,‘“0VI"G AYVERAGE',T105,'wULTI PZ7I
30‘ 27 Y, T2,%(AYY,T11, Y VARIABRLE COSTY,T26,*MACHINERY',T44,*COSTS!
452,'VALUS‘,T§8,'G(S)',TS9,'GF RETURNS',T10S,

S*GAIN FUNCTION®Y,/* *,7S5,115(*~*))

BEGTIANING QF CPTIMIZATION LOCP

JSHET = 2.0
50 20 E=1,MLIFS
LT0T = %

BESINNING OF LOCP T3 DISCIUNT MET RITURNS

SUR 006 * YRUSZ(X)
fa 4 TER(K) + SUR + TAXES
J7ER = 07 * TAC
BAN(T) = o1 * (OVER + VO(K) + "!)
LAND(X) = (.3333 * GRE(X)) = (1386 = VI(X))
IXT = CYIR « MAN(X) + LAND(K)
v = oV * Ful
A8C = A3C - VRUSZ(T)
ANET = RATAN(X) = VCIST(K)
RWET = RNET - YYY
I = SNET - SXEM
TEN = RNET - SXEM - TFE(X)
IF(K.EN.1) CALL TAX1
IF(X.29.2) CALL TAX
IF(X.EQ.3) CALL TAX3
IF(KeGZa1) CALL TaAX4
®AS = TA - P2

2GRC = RTAN(X) - ZXZ
RNET = RUET + TAS

ONIT = QUET + TAXCE(X)
ANET = BNET - ICON (XD
IUET = RNET = ABC
RUET = RNET - ZIXZI

SNOT(X) = 9NET
IF(X.LZ.2) GO TO 83%2
ANAT(R) = (PNOT(X) + CNCOT(X-1) + 2HOT(X-2))/3.9
DSCNT = 2NET/(l.3 ¢ FATI)*™ K
DSYWET = DSME?T + CSCHT
ARC = VRUSE(X)

TCHNG = TCHHG - VYRUSE(X)

ANCST = TCCST(K) + TCHENS « YVVY + ZICIN(X)
ANCST = ANCST = TAS = TAXC2(¥)

TCENG = VRUSE(X)

(@]
<<
a
-~
ta

PYDC = 22ESEHT VALUE CF THE REPLACENENT

OYRC = D SNET
or FLOAT(Z)

ox C.d -~ RX

o9PCLY = CCMTINUOS REPLACEMENT DECISION VALJE
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TABLE XXXV (Continued)

a

199 PPOLY = RATEZ * PYRC / (1 = (1 + RATE) ** FX)

aaan

200 WRITE(5,9250)K,TRY(X), 2GR0, ANCST,PVRC,INET, NAT (X)), 2FOLY
201 9250 FORMAT('0*,T2,12,711,710.2,726,F8.2,T36,F12.2,152,F9.4,168,F9.2,
19,F10.2,7105,F10.2) ’

202 20 CONTINUE
203 ARITE(5,237S)
204 9375 FORMAT('=¢,TS,115('=1!))
205 QRATE = RATE * 100.90
206 WRITE(6,975S0) ARATE
207 9750 FORMAT('=',T42,*DISCOUNT RATE',3X,FS.2,3X,'PERCINTT)
208 ARITE(5,7)DLIST
209 7 FORMAT(F10.2)
210 RTTURN
211 N0 .
': EZ2 2222 2R 222222 R 2222 2222222222222 2dR 222 R2R iRl Al S
212 SU2PO0TINE LPSUB

ZX3LP = IMSL LINEAR DPROGRAMMING SUSROUTINE

TrrrEEr e e [UDORTANT T30 TZFINS LP MATCIX AS SPECIFISD mwwwwrxwwxxs
PTREERXTN XA RY ® 3‘{ ‘:f:: ?GLLO'”'I.‘.'G A:?GUE)IS::TS. TTTRXX XN TN XN AR ®
LINEAR PPGGRAMMING ARGUEMENTS LISTED 2ZL0W:
A =  MATRIX OF DIMEYSION HM1+M2+2 3Y M CONTAINING TPZ
CCEFFICIENTS OF THZ M1 INEQUALITY CONSTRAINTS
IN THE FIRST M1 RONS FCLLOWED 3Y THE
COEFFICIENTS OF THE 42 ZQUALITY CONSTRAINTS.
(INPOT) TUS LAST TWO ROWS OF A ARE UsSED

OSLY AS WORKINSG STORAGE.

IA = R0W DIMENSICN OF MATRIX X =SXACTLY AS SPSCIFIED I
THE DIMENSION STATIMENT IN THE CALLING PR0OCRAM
(INPUT) TYO TOWS CF A ARE R2SQUIRZD FOR
WCRKING STCRAGE, AND TIERSFQRE, IA AUST
YOT 8BS LZISS TTAN MLl+ev2+2,

= YSCTCR OF LEINGTE M1+42+2 CONTATNINC THE RIGHT HAND
SIDES OF THE IVEQUALITY CONSTRAINTS I[N ITIS

FIRST ¥1 LOCATIONS FOLLOWED BY THE M2 RIGHT

HAMND SIDES CF THZ EQUALITY CONSTRAINTS.

(INPUT) THE LAST TWO ELZMENTS OF 2 ARE USED

AS WCRKING STCRAGE.

w0
]

C = YZCTCR OF LENGTH N CONTAINING 7THE CCOSFFICIENTS OF THE
Q3JECTIVE FUNC™ION, (INPUT)

N o= NUVSER QF UNENCWYS IN THE VODIL. (INPUT)

¥l = wguagp QgF INGQUALITY CONSTRAINTS. (INPIT)

ADOONAa000AN000N00AA000000000aaA0AaaNNAaMNO0O

M2 = NCWBER QF CQUALITY CCYMSTRAINTS. (IVPUT)



TABLE XXXV (Continued)

213
2113
21s
216
217
2is
219
22

221

39
B

223
224
228
228
227

2¢
229
220
231

222

<o

233
234

22e

Lw o

236

QA0 aAGaAaNOaaaaN0000aaanna0anna

S = 7ALUS OF THE Q3JTCTIVE FUNCTION. (QUTPUT)

PSOL = VECTOR OF LZNGTH N CONTAINING THE PRIMAL SCLUTION.
(QUTPUT) PSOL IS ALSO 7SED AS 40RK STORAGE
AND THEREFGCRE MUST HAVE LENGTH AT LEAST

MAX(N,M1+M2).

OSCL = VECTOR OF LENGTH M1+M2+2 CCNTAINING THiE CUAL SOLUTION.
(COTPUT)

Rd = WORK VECTOR CF LENGTH (M1+M242) * (M1+M4242) + 3*U1+2%*M2+.

IW WCRK 7ECTOR CF LENGTY 2%M2+3*41+4.

ISR = ERPOR INDICATOR. (QUTPUT)
IZR = 130 INDCICATIS THAT IA IS LESS THAN Ml+eule?,

131 INDICATES THAT THE COST CRITERICN H5aS TaBOUNDT

—n
IZR

132 INDICATES THAT THI MAXINUM HUMBER COF ITERATIC!
REACHEID IN ZX0OLP SUSSYSTEM.

-
(o]
w

i

133 INDICATES THAT NO FEASIBLZ SOLUTICN E£XISTS.

r4
4]
o)
]

70 INDICATES THAT SOME ARTIFICIAL VARIABLES REMAIL
IN THE SCLTTION BASIS AT A ZERO LEVEL AFTER PHASE
THIS COMDI™ICK CAM BE CAUSED BY HAVIVG REDUNDANT
CONSTRAINTS. MSVERTHELESS, A SOLUTION IS COMPUTED
AND RETTPNTD [N PSOL AND DSCL.

CoOMMOY MLISZ,RATE,RTSV(21),C3ST(21),PCSEC(21), P2y

SUMCY TRUSE(21),YCasST(21),ANUSZ(21),TOTLF,DLIST
COMMOYN IEQ,P2ICS(21),7CCST(21),TER(21),34L(21)

COMMQY IA,N,M1,42,1E9,1,0,%,L,2,5
COMMAN SRET,VCD, GRI(21),VC(21),TAC
COMMOY LANC(21),MAN(Z1)
CCMMON TAP(21),TSP(21),TWP(21),TRAC(21),TAND(21),¥CLE(21)

OMMOY FIEC(21),SP2IN(21),RILL(21),ACOL(21),SPFA(21)
COMMCN TPE(21),TIN,TEN,IXEM
cowvgy QA,°®8,2C,P0,PS,PF,PS,PY,PI,PJ
COMMOY TAS,TA,PA
CCMMOY TAXCR(21)

INTEGER IA,N,M1,%2,I%(90),159,1,J,%,L,2

ISTEGE? 20

REAL A(13,4),8(13),C(4),S,PSOL(11),080L(13),3%(225)
SeAL 67IT,VCS

REAL R53(4),73C(4)

2EAL JO

r-
m
ko)
[}

-

O -
+

M1 e M2

¥
W

e
w

-
n
—
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227
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
55

256
257
253
seq
<4

260

261
262
263
264
265
266

267
263
269
270
M
27

273
273
“\‘,7:
376
377
278
379
220
291
2€2
223
274
385
2%6
227
2¢¢
'.‘EQ
230

291

[N
o
~3

103
4071

109
4072

944

857
36

COyTINTE
J =1
cCuTINTE
SEAD(?,4071)A(ILJ)
FTCPMAT(F10.2)

= J+1
IF(JeLZeT) GO TO 103
I = 1+
If (I.LE.CO) 50 TO 197
£=1
CONTINDE
READ(9,4072)8(X)
FORMAT(F10.2)
X = K+l
IF (R.LEZ.CO) 63 TOQ 109
LAI = 3(1)
CLAIT = 3(2)
TAC = TLAI + CLAII
4RITE(5,233)
FCRMAT(131)
WRITI(5,3322
FTORMAT('=? ,TS,11S(*'*"))
WRITE(S, 243)

FORUAT( =, 742, LINS AT DR0GRAM OUTRUTY,/ /7t 1,715, LT =HAYD SI!

LCCEFICIEZNTS 1 THE CONSTRAINTS',T63,'RICH

4L a4
il

D0 36 T = 1, CO

ARITE(S,857) A(I, 1), A(1,2),
FORVATC!
CCNTINCE
WRITE(S,8S8)

[S
~

IT AAND SIZE CF CONSTRAL

ACL,3), AC(I,4), 3(D)

',117,F5.2,127,F5.2,137,75.2,747,55.2,767,F8.2)

858 FORMAT(!O*,T17,'MET RETURMNS PER ACRZI',T60,'ACRES PLANTED',T1l15,!

1.2

111

‘2240

7469

1T PRCFIT',//*

3116,'5555.55")
9C 366 Z=1,15

f -

JC=FANT(3)

CONTINTE

RELAD(3,2540) SRET, VCO
SORMAT(2710.2)

IF(L.GT.2) GO T0 7469
I7(J0.LE..003) GRET =

‘v,T11,*YEARY,T22,¢CRO® 1',732,'CROP 2¢,T42,°*CRCP
2752,'CR0P 4+,762,%CRCP 1¢,772,'CRC?2 2',732,'CR0OP 3*,792,°'CROP

A0
2

SRET * 0.0

IF(J0e5T+.003.AND.JO.LE..018) GREZT=GRET".2
IF(J0eSTesa018.AND.JOLEL.067) GRET=GRET .4
IF(J0.57.+067. AND.JO.LE..184) GRET=GREZT".§
IF(JNeGT 401840 AN0JO.LEL0382) GRET=GRET*.3
IF(JCelTee618. ANDeJC0LLEL.316) GRET=SGRET*1.2
IF(JCeTTeeB8164ANDeJU.LEL.933) GRET=GPET"1.4
IS (J0a3Tee9330ANDev0.LE..992) GRET=GRET*1.5

(F(JCe Tee982.AlDeJ0.LE..997) GRET=

ANC®mamn oMy
wite -".‘-EA ,‘ .O

IF(JU0.7T 2997 AliDeJCLLEL1.C)
50 TC 7463

IF(J0.L2..0C4) GRET = GFET *
IF(J0e3T++004.AND.JC.LE..022)
IF(J0.5Te«022.AND.JC.LE..078)

IT(JCe5T.e198.ANDeJOLLE..29)

I7(S0e5Teeb1aANDJOLLT.4302) GRE
TF(J0.7T..302,A%D.J0.LZ..922) GR

~

RET*1.¢

v4 ~3

GOQ
’

lirl»alurnan
S TN

it
aAamwaan
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292
293
204
295
296
297
298
299
390
301
302
303

304

233
334
23S
334
327
333
239
340
341

23

7463

IF(UCe T T ea322eAN0eJ0.LE..978) GRET=CRET"1.54
IF(ORe T ¢e973.AYDed0.LEL.996) GRET=GRIT*1.72
.?(JU.ST..996.AND.JU.LE.I.O) GRET=GREZT*1.2
PGO(L) = GRZET

7goc(L) = vco

C(L) = GRET - VCO

L = L+l

IF (L.EQ.2) GO TCO 111

If (L.£Q.3) GI TO 112

IF (L.2Q.4) GO TO 111

CALL ZX3LP (A,IA,3,C,.%,M1,M2,5,PSOL,DSOL,RY,IA,IER)

4RITE(6,361) Z,C(1),C(2), C(3),C(4),?°0L(1),PSGL(2) 2SCL(3),PS0L(
,s

361 FORMAT(' ¢,T12,12,7T21,F7.2,731,f7.2,741,F7.2,T51,F7.2,761,F7.2,7

36

6

[§,)

1,?7.2,?81,?7 2,791,F7.2,T116,71%3. 2)

RTRM(Z) = S

GRE(Z) = (RGO(1) * PSCL(1)) + (IGC(2) = PSOL(2)) + (RGO(I) = ?sC
13)) + (R53(4) * PSOL(4))

VC(Z) = (VOC(Ll) = PSCL{1l)) + (V¥OC(2) =~ 2SCL(2)) + (VOC(3) * PSCL
1)) + (V0C(4) * 2533L(4))

2AP(2Z) = PSCL(l) + PSCL(2) + ?SCL(B) + PSCL(Y)
TSP(Z) = PSCL(3) + 2S7L(4)

TWP(Z) = 2S0L(1) + 2s0L(D)

TRAC(I) = (1.403 * TWF(T)) + (1.491 * TS2(T))
2CUL(I) = Ts2(4)

GPRA(Z) = 752(2

RILL(Z) = TAP(D)

SPRIN(Z) = 2.3 * TAP(D)

FIEZC(Z) = Two(D)

MOLD(Z) = TAP(Z)

TAND(Z) = TAP(Z

CONTINTE

ARITE(S,3422)
FORMAT(' =, TS, 118("'**))
RETURY

ZND

P 2 e R AR 2R 222222222 X222 22222 R 22t d i ittt it il XKW AXWAXXBRXE

SUB?OU; HEZ CALC

cxLc BEROUYTINE CALCULATES CCS3TS FOF ZACH ASSET
PEAL "(( 1),INF
REAL A

coMnuoy “LIFS,RATE,RTRN(21),00ST(21),PUSED(IL),PNEN
CoMMON J”US‘(‘I),JCSS'( 1),AN7SE(21),TCTLF,DLIST
COMMOY TEQ,PRICI(21),7COST(21),7TTR(21),SAL{2D)
CovMON IA,J,JI Q2,IER,I J,KeLs2,5
coMyoY 5RET,VC0,GRE(Z ),VC(21),TAC
COMMON L WD(’I),WKu(Ll)
CoMYON TAP(21),TSP(21),7TWP(21),TRAC(21),TAND(21),4CLDQ21L)
£OMMOY FIEC(21),SPRIN(21),RILL(21),RCULL21Y,SPRA(ZL)
ComMvgN TPE(21),TIN,TEY,TKEM
covMpy Ga,P8,°C,PD,PE,PF,PG,23,P1,Pd
COMNCYN TAS,TA,PA
CCMMON TAXCR(21)
Do 5 1=1,21

TCOST(I) = 0.0
JLR(I) 0.0

CONTINTE
-



TABLE XXXV (Continued)

145

343
344
345

346

347
348
349
30
3°1
352
3s3
3S4

3€5
356
57
3<8
359
360
361
362
363
364
365
366
367

263
369
370
37
372
373
374
375

2"
o

377
37¢
279
330

3e1
362
383
284
328
386
3817
328
389
199

391
382
393

OO

(]

10

30

35

49

45

INITIALIZZ STMMATION OF USE VARIASLE

USE = 0.9

AXY = l.

INF = 1.7

USE = USE + ANUSE(1l)

IF(IEQ.EQ.2)G0 TQ 30
IF(IER.EQ.3)G0 TO 40
IF(IEQ.SQ.4)G0 TO SO
IF(IEQ.EQ.S)GT TO 60
IF(IEQ.£Q.6)G3 TO 70
IF(IEQ.EQ.7)G3 TO 30
IF(IEQ.£Q.3)G0 t0 %0
IF(IEQ.EQ.9)GT TC 100

MIDNWEST CCST SQUATION FOR GAS TRACTCR
TAR = 0.0183 * ((JUSE / 1000.0 ) **2.159)
JLX(1) = TAR * PNEU

TCOST(1) = JLX(1) = ITF

TC3ST(l) = TCOST(Ll) =* WXY

00 10 I=2,VLIFZ

JSE = USIT + ANUSE(I)

TAR = 0.0183 * ((USE / 1000.0 ) **2.159)
JLK(I) = TAR * PNEW

TCOST(I) = JLX(I) = JLX(I-1)
TCOST(I) = TCOST(I) * (INF *~*I)
TCOST(I) = TCAST(I) * WXY
CONTINCE

RETURY

4IDWEST COST SQRUATION FOR DISSEL TRACTCR
TAR = 0.0120 * (( USZ / 1000) **2,933)
JLX(1) = TAR ™ PNEW

TCOST(1) = JLX(1) * INF
TCOST(l) = TCOST(1) * WXY
30 35 I = 2,MLIFS

UST = 7SE + ANOSE(I)
TAR? = 3,0129 * (( USE / 1000) **2.033)
JLX(I) = TAR * PNEW

TCOST(Y) = JLK(I) = JLX(I-1)
TCOST(I) = TCOST(I) * (INF *=*I)
TCOST(I) = TCOST(I) * WXY
CONTINCE

RETURN

4IDWEST COST SQUATION FOR LPG TRACTOR
T4R = 0.0131 = ((USE / 1000.0) **2.122)
JLX(2) = TAR * 2NEW

TCOST(l) = JLK(1) * INF

TCOST(L) = TCOST(1l) * wWXY

00 45 T = 2,MLIFE

0SE = T7SZ + ANUSE(I)

TAR = 90,0131 * ((USE / 1000.0) **2.122)
JL¥(I) = TAR * PNEYW

TCOST(I) = JLX(I) = JLK(I-1)

TCOST(I) TCOST(I) * (INF **I)
TCCST(I) TCOST(I) * wXY

CONTINTE

STTURY
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146

394
395
3%6
397
398
399
400
401
402
403
40 4
405
406

407
408
409
410
411
412
413
414
415
416
417
418
419

420
121
422
423
424
425
426

2
“tL

428
429
430
431

422

433
434
435
436
437
438
439
440
441
442
443
443
445

446
447
448

S5

69

6%

79

MIDWEST COST SQUATIOV FOR YOLD.PLCWS

AR = 1.070C * ((USE / 1030.0) =~ 1.810)
JLK(1) = TAR * PNEW

TCOST(l) = JLK(1) = IMF

TCOST(l) = TCOST(1l) * WXY

70 55 I = 2,MLIFE

USE = USE + ANUSE(I)

TAR = 0.0700 * ((USE / 1000.0) ** 1.810)
JLK(I) = TAR * PNEW

TCOST(I) = JLK(I) - JLK(I-1)

TCOST(I) = TCOST(I) * (INF **I)

TCOST(I) = TCAST(I) * WXY

CONTINDE

9ETURY

MIDEZST COST SQUATICY FOR DISK HARROWS
TAR = 0.0025 * (( 0UST / 1000.0) == 1.714)
JLX(1) = TAR * PNEW

TCOST(l) = JLK(1) =~ I&F

TCOST(l) = TCOST(1l) * 4XY

90 65 £ = 2,VLIFE

NSE = TSE + ANUSE(I)

»A0 = 2,3025 * (( UST / 1000.0) == 1.714)
JLX(I) = TAR * PNEU

TCAST(r) = JLX(I) - JLK(I-1)

*COST(I) = TCOST(I) * (TNF *=I)

TCOST(I) = TCOST(I) * WXY

CONTINTE

RETURN

YIDWEST COST SQUATION FOR FISLD CULTIVATORS

TAR = 0.0103 * ((USE / 1000.0) ** 1.400)
JLK(1) = TAR * DPNEWU
COST(1) = JLX(1) * IXF
TCOST(1) = TCIST(l) * &XY
g 78 T = 2,MLIFE
USE = TSE + ANUSE(I)
TAR = 2.0103 * ((USE /7 1000.0) == 1.400)
JLX(I) = TAR * PMNEW

TCAST(I) = JLX(I) - JLX(I-1)
*COST(I) = TCOST(IL) * (IiF **I)
TCOST(I) = TCIST(I) * WXY
CONTINROE

RETURN

uIDWZST COST EQUATION FOR GRALN DRILLS
TAR = 0.0359 * (( USE / 1000.C) *=* 2.626)
JLK(1) = TAR * PIEW

TCOST(1) = JLK(1) * INF

TCOST(1) = TCOST(1l) * W#YY

00 35 T = 2,MLIFE

JSE = USE + ANOSE(I)

mAR = 0.0359 * (( USE / 1000.0) == 2,626)
SLK(I) = TAR * PNEW

*COST(r) = JLE(I) - JLK(I-D1)

TCOST(I) = TCAST(I) * (INF **I)

TCOST(I) = TCOST(I) * WwXY

conTIvNgE

QETURY

MIDWEST COST EQUATIOY FOR ROW CCLTIVATORS
AP = 0.0094 * (( USE / 1000.9) ** 2,207)
JLX(1) = TAR * PNEW

TCOST(L) = JLX(1) * INF



147

TABLE XXXV (Continued)

449 =CQOST(l) = TCIST(1l) * WwXY

450 DG 55 I = 2,MLIFS
451 ISE = rs; + ANUSE(I)
4€2 =AR = 0.0094 * (( UST / 1000.2) ** 2.207)
453 JLx(I) = TAR * PNEW
454 TCOST(I) = JLX(I) = JLK(I-1)
455 PCOST(I) = TCOST(I) * (INF =*I)
456 TCOST(I) = TCOST(I) * &Y
457 95 CORTINOE
453 RETURN
c NATIONYIZE COST EQUATICY FOR MOUMTED SPRAYERS
459 100 TAR = 0.0499 * ((USE / 1000.0) ** 1.4)
460 JUK(1) = TAR * °¥EW
461 "COST(1) = JLK(1) * INF
462 »COST(1) = TCOST(l) * &XY
463 50 105 I = 2,MLIFE
464 JSE = TSE + ANUSE(I)
465 ~IR = 3.0499 * ((JSE / 1000.0) ** 1.4)
466 JLR(I) = TAR * PMEZi
467 TCOST(1) = JLK(I) = JLK(I-1)
468 ~COS™(I) = TCOST(I) * (IMF *=I)
4693 ~COST(I) = TCOST(I) =~ XY
470 105 CONTINTE
471 2TTURY
472 o bs)
c """"""".I'l"'f"l'l"""""'f!"'l""""'!'I"I'Il"
473 SUBROUTINE TAX1
474 COMMON MLIFZ,RATE,PTOM(21),C0ST(21),PUSID(21),21EY
475 COMMON VRUSE(21),YCOST(21),AXUSE(21),TOTLS,ILIST
478 coMMON 15Q,PSICEZ(21),7C0ST(21), TER(21),5AL(21)
4717 COMMOY IA,%,M1,42,1ER,1,J,%,L,2,S
478 COMMON GRET,VUCO, GRE(21), VC(21), TAC
479 COMMON LAND(21),%AM(21)
420 COoMMOYN rAp(zl),rspczl),prczl),roac (21),TAND(21),"CLD(21)
491 coMMON SIEC(21),SPRIN(21),RILL(21),RCTL(21),SPAA(ZL)
482 couMOY TPE(21),TIN,TIY, TXEM
483 cawwgy a4, ?8,9C,90,P5,P%,P5,P4,°21,0d
g COMMCN TAS,TA,PA
485 COMYON TAXCR(21)
486 1S(TIN.LZ.0.) G0 TO 4%
2e1 IF(TINLT.QA.AND.TIN.37.0.) 30 TQ S1
198 [F(TIM.LT.P2.AND.TIN.GZ.24) 3O TO S2
439 IF(TIN.LT.PCLAKD.TIN.GE.P3) 63 T 53
490 IF(TIN.L7.PL.AND.TINLCE.PC) GO TO S4
491 IF(TI%.L7.72.AND.TIN.FE.P0) 63 TC 55
492 IF(TIN.LT.PF. AND.TINJ.GE.PE) GO TO 56
493 ("\.LT-PF.AND.TIu.u; PF) GO TC S7
194 *v( I¥.L7.PH.AND.TIN.GE.OC) 53 TO 58
¢35 17 (TI%.L=.21.A%0.TIN.GELPH) 50 70 59
196 IF(TIN. L ToPJ.AND.TIN.GE.PT) GO 70 60
457 I7(7I%.5%.2J) 63 T0 51
498 49 TA = 0.0
439 6o 10 57
500 51 7A = TIV * .1
€01 50 TC A7
p) 52 7TA = 1304. + (.21 % (TIN - 24))
503 50 70 57
£C4 53 TA = 2765. + (.24 * (TIN - P}))
505 S 10 67
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148

€06
<07
508
€09
S1¢
511
€12
513
514
S1S
516
517
518
S19

s20

522
523
524
s2S
526
£27
528
29
€30
531
€32
533
s34
£3s
S36
537
S38
S39
540
S41
£452
€43
44
545
546
47
S48
£49
€50
€c1
582
S53
5S4
€55
€36
587
<53

5£9
S5¢C
€61
€62
563

(o]

N ~
- o

[ ¥}
[ ]

(-23 - (.:I.‘! -

A = 3273. + 2C))
3C 1T 57

A o= 45050 + (W32 * (TIN - PD))
30 T0 K7

~y = §201. + (.37 = (71 - PE))
50 10 57

oA = 8162. + (.43 * (71 - PF))
GO 10 57

®y = 12720, + (.49 * (TIV = °G)
GO T0 57

*3 = 19678, + (.54 * (1IN - oq)
50 T0 87

*y = 33502. + (.59 * (TIN - PI)
30 T0 67

"X = 47544. + (.64 * (TIN - PJ)
50 T0 67

IF(TEY.LE.0.) GO TO 19

IF(TENL T RAAND . TEN AT D) G2
IF(TEN.LT.28.AND.TZN5E.QA) GO
IF(TENeLTaPCaAND.TEULGELPS) G
IF(TEﬂ.LT.?D.AHD.TEH.CE.PC) G3
TE(TEN LT PR ANDLTEN,LCELPD) G
TP (ToNe L TePF.AND . TENLGELPE) G
I?(?EN.LT.?G.AHD.TSJ.GE-PF) 353
TF(TEMe LT PHJANDLTENLSELPG) ST
IS(Te . LT PLLANDLTENCELPH) GO
[P (TN LT PJLANDLTENCELPI) G
IF(TEN.G5Z.2J) GO 10 20

24 = 0.0

RETURN

A = Ty * .1

RETURY

oy = 1104. + (.21 * (TEMN = QX))
RETURN

DA = 2265. + (.24 * (TEVW = P3))
OETURN

21 = 3273. 4+ (.28 * (TSN - PC))
DETIRM

D4 = 450%S. + (.32 %= (TEN - PI))
PETURN

2% = 6201. + (<37 * (TEY = 22))
IS TURN

P4 = 8162. + (.43 * (7TEN - PF))

RETURM

)
)

)
)

94 = 12720. + (.49 * (TSN - P3))

RETIRN

DR = 19678, + (.54 * (TIN - PH))

[eTUDY
Bt N

PA = 33502. + (.59 * (TSH - PI))

RQETURY

D& = 47544, + (.64 * (TN =~ PJ))

RETTURN

oun
[ P

T2 2042222222 X288 &3 PREXN TR E ¥

SUBROUTINE TAX2

covMgN HLIFE,RATE,R?P"(El),COST(21),PUSED(21),PﬁER
COoMMON V2USZ(21),YCAST(21),AN0SS(21),TOTLF,DLIST
couMoY IZ2Q,PRICE(21),7C3ST(21),TER(2L),SAL(2D)

ooMuCT TA,N,u1,M2,1ER,1,J,K,L,2,5

20
1
+

~l

23

«
-

2s
A
23
29

PESTEILIRA LS AL EL AR AL A S L ta & E & 5 A & 3



149
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«n

e re ey
wn w
n o

CIMMeyY GR3TT,VCGE, CREZ(21),VC{21),1AC

COMMCY LAND(21),MA%(21)

coMucY TA?(Zl),TS?(2l),T.?(21),‘?:C(2'),.AJD(ZI), L)
COMMCY FISC(21),SPRIN(21),RILL(21),RCUL(21),SP24(211)
COM¥gN TPE(21),TIN,TEN, ZXEM

CoMMOY QA,P3,7C,PD,25,PF,P5,PH,2T,0°d

COMMON TAS,TA,PA

COMMON TAXCR(21)

IF(TIN.LE.CQ.) GO TO 1S0

IF(TINeL TaQALAND.TINLGTL0.) GO TO 151
IF(TINGLT.28.AND.TINLGELRA) G3 70 152
IF(TINGLT.PC.ANDLTINLGELP28) GO TC 152
IF(TINeL T«PC.AND.TINL.GELPC) 5T TC 154
IF(TIY.LT.2S.AND.TIN.CELPD) GO TO 155
IF(TIN.LT.PT.AND.TINLGE.PE) GO TC 156
IF(TINLT.PG.ANDLTINLGELPF) GO TC 157
IF(TIV.LT.PH.ANDLTINL3ELPG) G5J 70 1S3
IF(TIN. Lf.PL.AhD.T M.JZ.PE) 30 TO 1S9
IF(TIYL TeBUANDTINLGGELPLI) 53 T0 led
I?(TIﬂ.GE.PJ) GS 0 151

TA = 0.9

30 1C 77

TA =TIV T .09

30 0TT 17

TA = 1234 + (W10 f (TIN = dA))
=0 0 77

TA = 22134 0+ (W22 7 (TIV - 22))
36 ¢ 7

TA = 29370 o+ (W25 % (TIV - PCY)

TA = 73230 0+ (33 C (TIN - 2PF7))

TA = 114S7. + (.44 * (TIN - 23))
7C TC 77

T = 17780 4 (W49 T (TIN - 21H))
36 ¢ 77

TA = 33249, #(.30 * {(TIV - 21))
50 1C M7

TA = 42145. + (.50 * (TI¥ - PJ))

380 T 77
IF(7Z%.L2.C,.,) GO 7C 119
IF(TEZNelTeQqAANDLTENLCT.0.) GO 10
IF(TENSLT. P2 AHD.TEN.AZ.Q4) GO 7T
T (TINLLT.2C.ANDLTEN.GE.22) GO TC
IF(TENeLToPDLANDLTENLCELPT)Y GO 70
?(TZﬂ.LT.F; AND.TZ¥N.GE.PD) 50 70
IF(TSHeLT.PTLANDLTIN,L,CEZLPR) GO TC
IF(TZN.LT.PGAlDTENLGELPF) GO TO
IS(TIN LT PHLANDLTENLGELPC) GO 71O
IF(TIN.LTPILANDL.TENGELPH) GO 70
IF(TEVeL TaPdeAdDTENLCELPL) GO TC
IF(TEN.GZ.PJ)Y GO T0O 120

BN e WV, RN N Y

i el I e N
MR MMM N
0 .0

—

Py = (.0
RETURN

Dy = T o® (9

——pyey
.D.-AU\I
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TABLE XXXV (Continued)

€24 121 P = 12340 + (.19 * (TN = Q1))
625 RETURY
626 122 21 = 2013. + (.22 * (72N - PE))
627 RETURY
628 123 24 = 2237, + (.25 * (TEN - PC))
529 RETURN
630 124 94 = 4037. + (.29 * (TEY - 2D))
5631 RETURY
632 125 PA = 5574 + (.33 * (TEN - PE))
633 RETURN
634 126 PA = 73234 + (.39 * (TEN - PF))
635 RETURY
636 127 24 = 11457, + (.44 * (TEN = 95G))
637 2ETIRN
638 123 PA = 17705. + (.49 * (TSN - PH))
639 9ZTIRY
640 129 PA = 30247, +(.50 * (TEN - ?I))
641 RZTURY
642 130 PA = 42149, + (.50 * (TIW = 2J))
643 RETURY
544 =90
C ARTRAXETN T NIRRT CN PEIEPEFIETEEEALI RS ASEEE RS L RL RS R R R B L A SR S
545 SCBRCUTINE TAX3
536 CowwaY WLIST,RATE,RT7N(21),CUST(2L),P1550(21), 2N Ew
647 CCYMOH VRUSE(21),VCCST(21),ANUSI(21),TOTLE,SLIST
548 COMMECY IZ2,ERICE(21),7COST(21),7IR(21),SAL(2L)
649 coMMay TA,N,M1,M2,18%,1,J,%/,L,2,S
650 COMMCN GRET,VCO,GRE(21),VC(21),7TAC
651 CGMMON L AND(21),MAN(21)
652 COMMON TAP(21),TSP(21),7TWP(21),TRAC(21), TAND(21),4CLD(21)
653 com¥ny FISC(21),SP2AIN(21),RILL(21),RCIL(21),5P21(21)
654 cCMMQN TPZ(21),TIN, TSN, TXE
655 couwc Q4A,P8,2C,P0,PE,2F,PC,P9,21,Pd
656 COMVON TAS,TA,PA
657 CCMMON T1XCR(21)
658 IF(TIN.LI.0.) GI TO 250
5€9 IT(TIN.LT.RALANDLTINLGT.0.) GO TO 251
660 IT(TIN.LT-F3.AND.TIN.GE.R4A) GO 70 IS2
661 IF(TI%.LT.2C.AND.TIN.GE.23) GO TO 253
662 IF(TIN.LT.?0.4%0.TI¥.GE.PC) GO T0 254
663 IF(TIN.L T.PE.AND.TIN.GELPC) SO T8 255
€64 IT(TIYLT.PF.AND.TIN.GE.PE) GO 70 256
665 IF(TIN.LT.PG.AND.TIN.GE.PF) GO 70 257
566 TF(TIN.LT.PH.AND.TIN.GE.PG) GO TO 253
£67 IF(TIN.LT.PT.ANDLTIN.AELPH) GO TO 259
668 IF(TIN.LT.PJ.ANDLTINLIEL2T) GO TO 260
669 IF(TI%.GT.2J) GO TO 261
579 250 TA = 0.0
671 20 10 37
672 251 TA = TIN * .08S
573 0 *0 27
T4 252 TA = 1149. + (.17 * (TI¥ = QX))
675 sC 10 37
676 253 =1 = 1346. + (.19 * (TIT - P3))
€7 50 70 27
678 254 TA = 253%. ¢ (.23 * (TIN - PC))
679 co mc €7
620 255 78 = 35S6. + (.26 * (TIV = PD))
681 cg 10 27
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TABLE XXXV (Continued)

632 256 7A = S234. + (.30 * (TIN - PE))

623 30 70 87

684 257 TA = 5624. + (.35 * (TIV =~ PT))

68S Ga TO0 27

636 253 TA = 19334. + (.40 * (TIN = PG))

637 60 10 87

688 259 TA = 15014, + (.44 * (TIN - PH))

689 50 1C 397

690 260 TA = 27278. + (.48 * (TIH - PI))

691 63 T0 37

692 261 TA = 39702. + (.50 * (TIN - PJ))

693 GC T0 27

654 87 IF(TEN.LZ.0.) GO 7O 219

695 IF(TEY.LT.QA.AND.TEN.GT.0.) GO TO 220
696 IF(TEN.LT.2B.AND.TEN.GELQA) GO 7O 221
6§97 IF(TEN.LT.PC.AND.TEN.BELPE) GO TO 222
693 IT(TEN.LT.P0.AND.TEN.CE.2C) GO 70 223
539 IS(TSN.LT.PELAND.TEN.GE.PD) GO TO 224
700 IS(TEY.LTPFAND.TSN.GELPE) 3O TO 225
701 IF(TEN.LT.PG.AND.TEN.GELPF) GO TQJ 2286
792 IF(TEN.LT.P4.AND.TENLCELPG) GO TO 227
703 IF(TE%.LT.PI.AND.TEY.GE,PH) GO 7O 222
704 IF(TE.LT.PJLAND.TEN.GELPTY GO TO 229
¢ TT(TIY.5Z.2d) GO T3 270

706 2172 °2A = 0.3

707 RETURN

708 222 PA = T2¥ * .Q8S

709 AETURY

0 221 PA = 114%. + (.17 * (724 - QA))

711 RETTRN

712 222 %A = 1346. + (.19 * (TEN - P2))

73 RETURN

M4 223 PA = 2844, + (.23 * (TEN - PC))

715 RETURN

716 224 PA = 3656. ¢+ (.26 * (TEN - 23))

71 QETURN

1 225 PA = 33834, + (30 * (TEZN - PLY)

19 RETTRN

720 2256 P4 = 8524, + (.35 * (TEN - PF))

721 RETURN

72 227 PA = 10334. + (.40 = (TN = PG))

723 RETURY

24 222 Py = 15014, + (.44 ~ (TSN - %°3))

725 PETURN

726 229 PA = 27278. + (.48 * (TEN - PI))

727 RETURN

723 230 PA = 33702. ¢ (.50 * (TN = PJ))

729 PZTURY

730 ZND

C P 2 222 RS ZI YR RS ASEERRS RSS2 AR d RARARS SR SR a R it 0 R R0 A

731 SUBROUTINE TAX4

732 coMMeN MLIFE,RATE,RTAN(21),00ST(21),PUSED(21),PNE%
733 COMNCY VRUSE(21),VCOST(21),ANUSE(21),T0TLF,OLIST
734 cowMON I2Q,PRICS(21),TCOST(21),TER(21),SAL(21)
73s comNMOy 1A, N,M1,M2,1ER,1,9,5,L,2,5

720 CJQMMCY 3RET,TCO,GRE(21),VC(21),TAC
737 COouMON LAND(21),%AN(21)

732 c0MYON TAP(21),TSP(21),TWP(21),TFAC(21), TAND(21),1CLD(T D)

739 COMMON FIEC(21),SPRIN(21),RILL(21),2CUL(21),SPRA(21)
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746
741
742
743
744
745
746
747
748
749
750
751
752
753
754
755
756
757
758
759
769
761
62
763

765
766
767
768
769
770
771
i

773
774
775
76
™7
778
779
730
53
782
"33
784
€S
736
797
7e8
29
799
791
792
793
754
795
796
757
798
799

319
320
321

322

couNOYN TOS(21),TIN,TEIN, ZXEM

coMMON QR:FB,?C,PD,PE,PF,PG,PH,?I,PJ

couMay TAS,TA,PA

COMMOY TAXCR(21)
IF(TI¥%LZe0.) GO TC 350
IF(TINL TeQALANDTIN.GT.0.)
IF(TINLTePR.AND.TINLGGELQA)
IF(TINLT.PC.ANDTINL.GE.PB)
IF(TINLT-PDAND.TIN.GELPC)
IF(TIN.LT.PE.AUD.TINGE.PD)
IF(TIN.LT.PF.AND.TINL.GEL.PE)
IF(2INeLTePCAND.TINLCELPF)
I (TINe L TePHLANDLTINLGELPG)
IF(TINL TePIAND.TINLGELPH)
IF(TINe L TeaPUAND.TINLGELPT)
IF(TIN.GE.PJ) GO TO 361

T = 0.3

50 70 27

™ = TI¥ * .08
G3 70 2?7

TA = 103%. + (.1
GQ TC 2?7

o
]
~
rd
<
]

TA = 1741, o+ (W12 ¢ (TIV -
30 T0 7
ThA = 24970 + (.22 % (TIV -

GC 10 27

TA = 3465. + (.25 * (TIN -
GO 10 27

TA = 4790. + (.28 * (TIV -
53 70 97

TA = 6274. + (.33 * (TIM
Ga 70 97

TA = 9772, + (.38 * (TIN = €

50 10 27

TA = 15158, 4 (.42 * (TIN -
SC 13 27

™A o= 25920, + (.45 * (TIN -
50 TC 27

TA = 36630. + (.49 * (TIN -
53 10 27

IF(TEN.LZ.0.) GO TO 219
IF(TENL TeQA.ANDSTENLCTL0.)
IF(TEN.LT«PB.AND.TEN.GELQA)
IF(TEN.LT.PC.AND.TENLCE.PB)
IF(TEN.LT.P0.AND.TEN.CELPC)
IF(TEN.LT.PE.AND.TEN.GE.PD)
IS(TEN. LT PFLAND.TENL.CELPE)
IF(TEYeL TePCLANDLTEN.CEL2F)
IF(TEN.LT.PE.AND.TENLGE.PG)
IF(TEN.LTe?1.ANDLTENLGELPH)
IF(TSN.LTePJ.ANDLTEN.GELPI)
IF(TEYN.GZ.PJ) GO TO 230

PA = 0.0

RETURY

PA = TZN * .J8

RETORN

oA = 1735, + (.16 * (TEX -

GO
GO
GO
GO
GO
GO
GO
GO
Ga
GO

o)
PI)

°J)

50
G3
GO
Ga
Ga
G3a
50
53
GO

Q1))

™0
TO
TO
T0
TO
70
T0
0
Td

-

)
)
)

T0
T0
T0
TO
T0

70
-
Y

TC
TO

351
352
3S3
354
355
356
357
358
3s9
360

320
321
322
323
324
325
326
327
323
329
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200
3C1
202
303
3C4
30s
306
807
208
309
310
311
812
313
314
815
816

323 94 = 2497. + (.22 T (73N - 20))
RETTRY

324 PA = 3465. + (.25 * (TEI - PC))
RETURY

325 PA = 4790. + (.28 * (TSH = PE))
RETURN

326 PA = 6274, + (<33 * (TEN - PF))
RETURN

327 PA = 9772. + (.38 * (TEN = PG))
RETURY

323 Py = 15168, + (.42 * (TSN - ?H))
RETURY

329 PA = 25920. + (.45 * (T=¥ - P2I})
2ETURYN

330 PA = 36630. + (.49 * (T=N - PJ))
RETURN
gND

SENTRY




VITA
Jerry Lewis King
Candidate for the Degree of

Master of Science

Thesis: AN EMPIRICAL APPLICATION OF DURABLE RESOURCE THEORY IN THE
INVESTMENT/DISINVESTMENT OF FARM MACHINERY

Major Field: Agricultural Economics

Biographical:
Personal Data: Born in Roanoke, Virginia, April 6, 1956 the
son of Harold L. and Velda V. King.

Education: Graduated from Lord Botetourt High School, Daleville,
Virginia, June, 1974; received the Bachelor of Science
degree in Agriculture with a major in Agricultural Economics
from Virginia Polytechnic Institute and State University
in June, 1980; completed requirements for the Master of
Science degree at Oklahoma State University in May, 1982.

Professional Experience: Graduate Research Assistant, Department
of Agricultural Economics, Oklahoma State University,
August, 1980-May, 1982,



